“ 


cA Weekly loaial of Science 


‘ol. 184, No. 4679 SATURDAY, JULY 4, 1959 


THE UNIVER si; y 
OF MICHIGAN 


SEP 11 1959 


The accuracy and reliability 

of Negretti and Zambra instruments 
for the measurement and control of 
The value pressure are the result of many 
years’ experience and the closest 

‘ co-operation with the scientists and 
of experience industries who use them. 

Hence the supremacy of Negretti 
and Zambra instruments in the field 


in the pressure of pressure measurement as in 


many others. 


PERIODICAL 
READING ROOM 


Send for publication G45, post-free on request 


measurement 


Manufacturers of instruments for 
the indication, recording and 
field controlling of temperature, pressure, 
liquid level, volume, specific gravity, 
humidity, etc. Meteorological 

and Aircraft Instruments. 


NEGRETII & ZAMBRA 


Factories at Barnsbury, London, N.1; 
; ; omy ¢ eee est age _ 
‘The n = 2— Head ice: 122 Regent Street, London, W. 
4 ame that means precision ali over the world / Telephone: REGent 3406 
: 4 Branches at: Birmingham, Cardiff, Glasgow, 
Manchester, Leeds, Nottingham 
Agents or subsidiaries in all major countries 















July 4, 1959 


—— ed 








VACUUM NOTES—THIN FILMS No. 4 




















The production of pure and adherent thin films usually relies upon perfect 
cleaning of the substrate before evaporation. Whilst it is normal to 
clean base materials in a glow discharge, a recent major development in 
the Edwards vacuum coating laboratories has shown that the cleaning 
effect is promoted by positive ion bombardment. By shielding the cathode 
electrode, contamination caused by breakdown of organic vapours under 
electron bombardment is prevented. 


“Speedivac” vacuum coating units now incorporate entirely new and novel 
electrode arrangements designed for use in kinetic vacuum systems where 
traces of organic vapours are invariably present. 


EDWARDS HIGH VACUUM LTD., manor Royal, CRAWLEY, SUSSEX, ENGLAND 





MUREX ‘sINCOMAX’ PERMANENT MAGNETS 
are used in this CROMPTON PARKINSON 
120° MOVING COIL 
GALVANOMETER @ 








The use of the ‘Sincomax’ technique in 
producing this co-axial magnet enables the 
120° arc to be obtained easily. The com- 
bining of the soft iron and magnetic 
material provides a stable, high energy 
product in small volume. 

For technical information on the design, 
performance and characteristics of Murex 
Permanent Magnets write for a copy of the 
Magnet Catalogue. 





MUREX LIMITED (Powder Metallurgy Division) 
RAINHAM ° ESSEX : Telephone: Rainham, Essex 3322 
Telex : 28632 Telegrams : Murex, Rainham-Dagenham Telex Photograph by courtesy of 
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Quantitative 
Infrared Intensity 
Measurements 

to 01% accuracy! 


An account has appeared of a procedure* by 
which the Unicam SP.100 Infrared Spectrometer 
(standard single prism monochromator) can be 
adjusted to give routine intensity measurements 
to an accuracy of 0.1% transmission. The 
description shows that this accuracy is main- 
tained to at least 2 per cent transmission levels. 
Reliable results to this degree of accuracy are 
particularly important to the analytical chemist 
concerned with precise quantitative measure- 
ments. The exceptional photometric accuracy 
of the Unicam SP.100 makes possible this high 
performance over the whole range of infrared 
work. With the SP.130 Grating accessory, 
accurate intensity measurements at high resolu- 
tion become a routine procedure. 





*Spectrovision No. 6 





Mixture of a+8,y-PICOLINE and 2:6 LUTIDINE 
(15.49 mg/g). 
Absorption peaks: 
A: y - PICOLINE (792 cm-') 
B: 8 - PICOLINE (781 cm-') 
C:2,6-LUTIDINE (768 cm-') 
D:o - PICOLINE (746 cm-') 


This spectrum, taken in a 0.28 mm. cell with cyclohexane 
solvent using single monochromator (rocksalt optics), is 
typical of those being used regularly for high-accuracy 
intensity measurements in the analytical laboratories of 


The Midland Tar Distillers Ltd. (to whom grateful acknow- 


ledgement is made). 





SP. 100 Infrared Spectrometet 


UNICAM 


UNICAM INSTRUMENTS Ltd., Arbury Works, Cambridge 
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During the course of experiments involving the heat 
treatment of hypereutectoid steels, observations through 
a microscope showed that a grey-black film was formed 
on the surface of the steels. This happened when the 
steels were heated into the austenitic region and coolej\ ,;: 
in high vacua. his rep 
The film was identified as graphite, related crystallo.| ©™™ 
graphically to the austenite grain structure which the, ther 
steels possessed at 1,000°C. j ability 
Further experiments proved that the graphite formation/ to ob 
was caused by a reaction which can take place in inert \ effects 
atmospheres on the surface of steels with high carbonf also b 
content—no trace of graphite was formed in the interior 
of the steels. 
In these experiments, ‘Kodak’ 0.250 plates were used to 
provide the necessary information. project 
The 0.250 plate is the acknowledged standard forf sient 
photomicrographic investigations in the field off consid 
metallurgy. It provides particularly good definition in } likely 
that part of the spectrum where it is most needed, The 
It has ample speed and unobtrusive grain. It is the} satem 
metallurgist’s plate... euiiieal 
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The Electronic Colloid Osmometer (based upon an original design by Dr. D. S. Rowe, | ae 
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of Birmingham University) is now available from Nash & Thompson Ltd. for workers heya? 
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in the fields of medicine, biology, and physical and bio-chemistry. Pi 
Its greatest value is in the measurement of molecular pica 
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FUNDAMENTAL RESEARCH IN BRITAIN 


T is well known that there has for some time been 

a serious conflict of opinion as to whether Britain 
should undertake a programme of space research. 
Such a project has been strongly supported by some 
scientists and, as would appear from the tenor of 
his replies to questions on the subject in the House of 
Commons, is also favoured by the Minister of Supply. 
Other scientists, however, are doubtful as to Britain’s 
ability to spend sufficient resources on such a project 
to obtain a worth-while return without adverse 
effects on our scientific effort in other fields. It has 
also been manifest from comments in the House of 
Commons that there is a strong body of opinion 
decidedly opposed to Britain entering on any such 
project merely because Russian and American 
scientists have done so, without the most careful 
consideration both of the probable return and the 
likely effect on our research effort elsewhere. 

The programme disclosed in the Prime Minister’s 
statement in the House of Commons on May 12 seems 
unlikely to alarm those concerned about its effect on 
research effort generally. Mr. Macmillan said speci- 
fically that, while he could not give any figure for the 
cost of using a British rocket should it be decided to 
do so, all we are now doing is to spend a substantial 
but modest sum—hundreds of thousands of pounds 
rather than millions—first, for the design of the 
instruments, and secondly, for making the necessary 
designs for modifications of the American rocket, 
should it be decided when the time comes to use that 
vehicle. Mr. Macmillan said that he had asked the 
Lord President of the Council, in consultation with 
the Minister of Supply and other Ministers concerned, 
to exercise general supervision of these new develop- 
ments. 

In repeating the Prime Minister’s statement in the 
House of Lords on May 12, Lord Hailsham said that 
he had had very much in mind from the outset the 
correct deployment of our financial resources in 
different scientific spheres. If he thought that what 
was now being done was in any way a rival to 
cancer research, or even that cancer research was 
being held up for purely financial reasons, he might 
take a different view. He did not regard these two 
projects as rivals and thought that the merits of 
research projects should be examined in the light of 
hopeful leads and available personnel, rather than in 
terms of mere cash. 

That is clearly the right view to take and will be 
accepted by scientists generally. The Prime Minister 
said there are two problems to be considered in 
relation to a British contribution to space research : 
the nature and design of the instruments to be carried 
into space ; and the vehicles in which these instru- 
ments are to be launched. As to the first, with the 
assistance of Fellows of the Royal Society and with 
the endorsement of the Advisory Council on Scientific 
Policy, a programme for the design and construction 


of instruments to be carried in Earth satellites had 
been approved and work would begin at once. 

With regard to the second, Mr. Macmillan said 
there might well be scope for joint action with the 
United States, with the Commonwealth or with other 
countries, and that a team of experts, including Prof. 
H. S. W. Massey, was being sent to Washington 
to discuss possible Anglo-American co-operation. 
We are also opening consultations with other 
Commonwealth countries, and meanwhile design 
studies are being put in hand for the adaptation of 
British military rockets. This would put us in a 
position, should we decide to do so, to make an all- 
British effort. 

On May 29 it was announced that Lord Hailsham 
had appointed a steering group on space research, 
under the chairmanship of Sir Edward Bullard. This 
group—which includes Prof. W. V. D. Hodge, secre- 
tary of the Royal Society, Prof. H. S. W. Massey, 
Sir Harry Melville and the Astronomer Royal, and is 
subject to the responsibility of the Lord President of 
the Council, in consultation with the other Ministers 
concerned with the supervision of the Government’s 
space research programme—‘is to advise on the 
formulation of that programme and to co-ordinate 
the arrangements for its execution’’. 

In replying to questions on his statement on 
May 12, the Prime Minister added that the instru- 
ments programme would be supervised by the 
British National Committee on Space Research set 
up by the Royal Society and under the chairmanship 
of Prof. Massey. He was certain that, in the field of 
scientific instruments, Britain should play her part 
in advancing the scientific effort. In view of the 
importance of research in outer space he would 
probably use the appropriate moment at any ‘Summit 
meeting’ to discuss the desirability of a system of 
co-ordination and pooling of information with the 
Soviet Government. The discussions with the United 
States were to be concerned with the possibility of 
some joint organization for the actual launching of 
the container for the instruments. 

In the House of Lords, Lord Hailsham dealt with 
this matter of international co-operation in replying 
to several supplementary questions. Viscount Alex- 
ander of Hillsborough and Lord Rea urged the 
importance of keeping space research on an inter- 
national basis as much as possible, and Lord Hailsham 
said that the Government has this aspect very much 
in mind. He pointed out that both the Americans 
and the Russians, as well as ourselves, are co- 
operating in the Committee for Space Research, 
known as Cospar, a non-Governmental scientific body 
of the executive board of which Prof. Massey is a 
member. The United Nations Assembly last autumn 
set up an ad hoc committee to report to the next 
Assembly on the area of international co-operation 
in the peaceful uses of outer space which could 
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appropriately be undertaken under United Nations 
auspices and the future organization of arrangements 
to facilitate such co-operation. Great Britain and 
the United States, but not the U.S.S.R., are co- 
operating with this Committee. The Common- 
wealth as a whole is co-operating with both these 
international bodies and the Government is already 
inquiring of the Commonwealth countries what their 
contribution could be to the project announced by 
the Prime Minister. 

On this occasion Lord Rea urged the Government 
not to undertake too much, and Lord Hailsham’s 
assurance that our scientific resources would not be 
dissipated was doubtless in response to this remark 
as well as to Lord Amwell’s specific question about 
cancer research. The trend of these developments, 
however, must have been known to Lord Hailsham 
when he spoke at the annual dinner of the Institution 
of Chemical Engineers on April 28, and his remarks 
on that occasion about the office of the Lord President 
of the Council are of the greatest interest in view of 
the wider responsibilities which the Lord President 
has now assumed and of which he was then presum- 
ably aware. 

Quoting Sir Hugh Beaver’s remarks, Lord Hailsham 
agreed that the relation between government and 
science requires more attention than it is receiving 
and also that we are very far from arriving at the 
ideal solution—if, indeed, one exists—but he pointed 
out that"the Lord President of the Council is not, and 
makes no claim to be, the head of British scientific 
thinking and planning. Lord Hailsham did not think 
there could ever be any such person, but he naturally 
declined to speculate in public as to whether the 
Lord President has either the time or the means to 
discharge the duties laid upon him. Such questions 
he obviously thought were worth asking and it could 
be taken that his remarks were designed to provoke 
discussion. 

First, he questioned the wisdom of asking for ‘“‘one 
coherent policy”’ on science, pointing out that science 
is not a subject but a whole thicket of subjects, some 
separate, some closely inter-related, but all animated 
bya common attitude of mind, and each contributing 
to a common corpus of knowledge. Secondly, science 
cannot be abstracted from life, which it touches at 
every point. If it is to play its part in industry or 
in government, it cannot be abstracted from them 
and then re-injected in a concentrated form. Indus- 
tries, including individual firms, need to be more 
scientifically minded, as do governments, including 
individual departments and ministers, but it would 
never be enough, however much time or means he 
had at his disposal, to have a single Minister respons- 
ible for the whole scientific field. Such a Minister 
could never be a substitute for Ministers of Power, 
of Education, of Transport, etc., each of whom 
sought himself and through his staff to apply scientific 
techniques and knowledge to the problems of his 
office. 

For these reasons Lord Hailsham thought that 
what is wanted is not a new Minister or a new 
Ministry, but a new attitude on the part of the 
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nation, the Government, industry and trade unions, 
in which each in his own sphere becomes mor 
scientifically minded. This, said Lord Hailsham, js 
a continuation of the process which has_ bee 
revolutionizing life on this planet for the past 
hundred and fifty years, and involves a more intelli. ) 
gent understanding of the forces at work. To treat | 
the problem thus as essentially one of education, | 
Lord Hailsham admitted, will not answer any of the } 
questions about the relation between Government 
and science, between education, research, industry 
and finance, or about the office of the Lord President : 
and he then discussed these relations more par: | 
ticularly. 

First, he emphasized that if the educational world 
and the scientific world are to perform their functions 
they must retain complete integrity and a high degree 
of independence. This is essential even in the schools: 
and while the function of government in education 
is not easily defined, Lord Hailsham believed that 
the social value of an educational system depends on 
the curriculum remaining within the competence of 
the teaching profession. As a matter of history, } 
government entered the scientific sphere because no 
one else would do so on a sufficient scale, and this p 
was now also true of education. Nevertheless, Lord 
Hailsham urged that precisely because government 
plays, and undoubtedly would continue to play, a 
vital part as a patron of science, scientific decisions 
should be so far as possible in the hands of scientists, 
Where it is practicable it is also desirable that they 
should draw on independent sources of finance, not 
in place of Government contributions but in addi- 
tion to them. Moreover, the direction of scientific 
policy should not be wholly in the hands of Govern. 
ment ; but industry should be determined at every 
level to maintain its influence in its proper = 
of applied science and technical education, both 
by finance and by active participation both in its 
own and even in government-sponsored bodies, and 
this influence should be felt in the formation of 
policy and in the allocation of scientific man-power. 

Lord Hailsham’s thesis is one that will commend 
itself to the scientist generally, and it is apparent 
from a@ paragraph in the last annual report of the 
Federation of British Industries that an important 
section of industry is prepared to undertake such 
responsibilities. A detailed study of certain aspects ) 
of British research practice in relation to methods 
adopted abroad is already being made, so as to 
facilitate a detailed statement of industry’s view of ) 
the Government’s plans for industrial research as 
put forward by the Lord President’s office. Co: 
operation in technical education is also developing. 

Nevertheless, the thesis ignores the practical 
difficulty of deciding what is a scientific decision and 
what is a political decision. Moreover, political 
decisions are liable to determine the resources avail- 
able for scientific projects, both in terms of finance 
and of man-power. This is well illustrated in the 
recent decision on space research. It is the high cost 
of such research that is responsible for any concern 
with which the decision to enter that field may be 
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nions, | regarded among scientists. Great Britain has no 
more) margin for waste of scientific man-power or other 
am, is | resources, and it will be a prime concern of the Lord 
been | President and of Sir Edward Bullard and his steering 
past | group to see that Britain’s limited effort is concen- 
ntelli. § trated on the most prefitable areas of research. 
tak | Lord Hailsham showed clearly enough that he 
ation, | regards the Lord President of the Council as in some 
of the) sense @ Minister of research, though with the 
iment | responsibility of a patron rather than of an overlord. 
lustry ¢ He pointed out that, measured by cost, most Govern- 
ise, | ment research is carried out under the Minister of 
par. Supply or by the Atomic Energy Authority, for which 
the Prime Minister is now directly responsible. In 
world | the Civil Estimates for 1959-60, for example, expendi- 
tions} ture on research and development is put, in round 
legree | figures, at £270 million, of which £214 million is on 
ools:? the Ministry of Supply’s vote, compared with £12 
ation} million for the Department of Scientific and Indus- 
that} trial Research, £3-5 million for the Medical Research 
ds on € Council and £4-5 million for the Agricultural Research 
ce of f Council. This total, however, takes no account of 
tory,) whatever proportion of the £58 million for the 
7) no universities which may be spent on research, or of 


this #2 the £92 million for the U.K. Atomic Energy Authority, 


Lord} which may go for research and development, though 
ment} the estimates show that, of the last figure, £3-5 
wy, a{ million is spent on research and development con- 
sions f tracts with industry, the universities, etc. 

tists, Even when it is remembered that the universities 
they} are still responsible for the larger part of Britain’s 
not } effort in scientific research, these figures show that 
\ddi.{ the Minister of Supply is too interested a party to 
itifie } be an entirely impartial adviser as to the expediency 


erm- | Of a British space research programme. Moreover he is 


very | also largely responsible for advising the Government 


field ¢ as to the desirability of undertaking another costly 
noth { long-term project—the development of a supersonic 
. its} transport aircraft. For the past two years a com- 
and| mittee of leading aircraft designers and experts from 


1 of } the Royal Aircraft Establishment, Farnborough, has 
wer.} been studying the technical possibility of developing 





end | and building a supersonic air-liner, and if so, advising 
rent , as to its optimum size, shape and speed. 

the ) Lord Hailsham suggested that the present arrange- 
ant} ment works satisfactorily although it may not be 
uch} ideal. Nevertheless, it should be noted that, in 
acts» throwing on the Minister of Supply the responsibility 
ods} for final recommendations in these matters, he is 


to} largely made judge in his own cause, and in one 
of} where the criteria are as essentially scientific as 
asf financial or economic. It should also be remembered 
Co- | here that those who, like Prof. A. C. B. Lovell or Sir 
ng.| Harold Spencer Jones, have urged that Britain cannot 
cal | afford to remain outside this new field of space 
ind} research have done so on scientific grounds. They 
cal} are disturbed about the effect parsimony might have 
ail: } @N our economic welfare and national well-being. 
nce ? We depend indeed on our skill in manufacture, our 
the | ability to apply science and technology to the fullest 
ost | Possible extent, but we depend also on our ability to 
mm} produce the new knowledge from which scientific 
be | and technical advance continually spring. 
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Prof. Loveil, in his Reith Lecture last year, speci- 
fically stressed benefits which mankind has reaped 
from fundamental scientific investigations carried out 
for their own sakes, and supported without thought of 
practical gain. The programme of space research 
projected in the United States appears to comprise 
schemes for radiocommunication over great distances 
and for weather forecasting. It also seeks to obtain 
data about the density and composition of the Earth’s 
upper atmosphere, about the nature of interplanetary 
gas, the magnetic field of the Moon and the nature 
of the solid surface of Venus. The tentative pro- 
gramme announced by the Prime Minister seems to 
offer scope for limited but worth-while experiments, 
and the ingenuity required to build the instruments 
for the satellites should be a valuable stimulus to the 
scientific instrument industry generally. 

If the programme is recognized as a reasonable 
compromise, the question of balance is nevertheless 
of great importance, and it has still to be shown that 
it will contribute anything essential to developing or 
extending the environment in which creative science 
flourishes. We cannot argue that the project will 
help to retain promising scientists in Britain, without 
inquiring whether the prospects and opportunities in 
other scientific and technical fields are sufficiently 
attractive to keep them here. This means something 
more than the assessment of priorities, or considera- 
tion of whether the Government is sufficiently alive 
to its responsibilities in other fields of research where 
considerations of high cost have, as Lord Hailsham 
admitted, made its entry imperative. Biology and 
medicine have been specifically mentioned by critics 
of the present proposal, and in spite of what was 
said of cancer research in the House of Lords, pro- 
gress in both these fields is regarded by some as 
gravely hampered by lack of funds. 

It is in this context that the whole organization of 
research in Britain is important, and independently 
of the merits of the space research programme, fuller 
investigation is undoubtedly needed into the returns 
that can be expected from investment in research in 
particular fields. It may well be asked, as a question 
of economic survival, whether we can afford to spend 
about ten times as much on defence research as on 
pure and applied research generally, and whether 
everything possible is being done to avoid duplication 
of effort or waste of resources. 

The criticisms which were made by Mr. Stanley 
Mayne, general secretary of the Institution of Pro- 
fessional Civil Servants, at the Institution’s annual 
conference at Folkestone on May 25 may seem to 
refer to comparatively minor points, but nevertheless 
they indicate that the organization of research needs 
a little more consideration than Lord Hailsham was 
inclined to admit. Mr. Mayne welcomed the decision 
on space research and the 70 per cent increase in the 
expenditure of the Depar.:nent of Scientific and 
Industrial Research, but was highly critical of certain 
decisions taken by the Council for Scientific and 
Industrial Research, particularly its failure to consult 
the directors of research laboratories in reaching 
major decisions concerning the future of those 
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laboratories. Mr. Mayne asserted that there had also 
been no consultation with the advisory bodies of 
scientists associated with these laboratories, and 
pointed out that such failures in consultation or 
co-operation are liable to engender a spirit of frus- 
tration among the scientists concerned, whether they 
are on the staff of the laboratories or on the 
advisory bodies. He also said that frustration is 
developing in the atomic energy research organi- 
zation through a similar failure to consult with the staff 
or to explain the purpose of changes in organization. 

Mr. Mayne’s charges are essentially of bad manage- 
ment rather than of mistaken policy, and it is, of 
course, true that weakness in administration can be 
fatal in recruiting staff of high ability and enthusiasm. 
Such defects, however, do not necessarily arise out 
of the structure of research organization unless it is 
seriously overloaded ; but these criticisms lend some 
support to the suggestion put forward in the May 
issue of the Institution’s journal, State Service, that 
the powers of the Lord President of the Council 
should be extended and that he should give more or 
less full time to his scientific responsibilities. Lord 
Hailsham’s speech to the Institution of Chemical 
Engineers seems to imply that this would be more in 
line with his own thinking than the creation of a 
Ministry of Science. The further suggestion that 
consultation between individuals and bodies con- 
cerned with science should be improved also seems to 
agree with his views. 

Lord Hailsham might have reservations as to how 
far it is possible to frame precise recommendations as 
to the proportion of national resources which should 
be devoted to the training of scientists, scientific 
research and the application of scientific knowledge 
and the results of research to the national welfare ; 
but he is undoubtedly concerned to stimulate co- 
operation and consultation and, above all, construc- 
tive thought as to how the scientific effort of Britain 
should be organized and what range of problems it is 
desirable to investigate. It should be noted that he 
referred specifically to the contribution which pro- 
fessional bodies such as the Institution of Chemical 
Engineers could make to the formulation of policy 
and to the dependence of progress in technology on 
partnership between government, teaching bodies, 
research scientists and industry. The value of such 
co-operation was stressed, from a different point of 
view, by Dr. P. F. R. Venables, principal of the 
College of Technology, Birmingham, and by Mr. J. J. 
Gracie, chairman of the Governing Body, at the 
associateship presentation ceremony on April 25, both 
of whom referred to its importance in recruiting 
first-class teachers for the colleges of technology and 
in maintaining the conditions of service, including 
research, which would attract such men and women. 
Lord Hailsham’s address should stimulate both the 
constructive thinking and the close co-operation in 
all such matters which the launching of a British 
space research programme makes even more impera- 
tive, as it does also the need to consider our research 
effort as a whole and to keep it in balance with the 
man-power resources and varied needs of the nation. 
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ORIGINS AND METHODS OF 
THE SCIENCES 


Studies in the History and Methods of the Sciences 
By Arthur David Ritchie. (Edinburgh University 
Publications: History, Philosophy and Economies, 
2.) Pp. vi+230. (Edinburgh : The University Press, 
1958. Distributed by Thomas Nelson and Sons, Ltd,, 
1958.) 12s. 6d. net. 


EW professional philosophers can have had 
Prof. A. D. Ritchie’s long, intimate and diverse 
acquaintance with science: or rather, as he would 


_ 


rightly insist, with the sciences, since (in his words) | 


“singular SCIENCE is the Sacred Cow of twentieth 
century idolatry”. Chemistry and philosophy at 
St. Andrews were followed by the Natural Sciences 
Tripos at Cambridge, then by four years as chemist 
with the Naval Airship Service during the First World 
War. Next came two years’ return to philosophy, then 
seventeen years in physiology and biochemistry in 
the Medical School at Manchester, before he turned 
whole-time to philosophy. Perhaps when he retires 
from the chair of logic and metaphysics in the 
University of Edinburgh he will find occasion now 
and then to turn back to his early love of marine 
biology and comparative physiology. In any event, 
he is singularly well qualified to write such a book as 
this: his scientific friends will welcome the product 
of his multiple interests and critical thought. 

But others, too, will read it with appreciation, 
sympathy and attention: for Ritchie’s long concern 
with the sciences, their methods and their philosophy, 
is coloured by a broad humanity, and by a deep 
reverence which shows itself in a frankly religious 
approach to ultimate problems. Lest such reverence 
be misunderstood, misunderstanding, as he writes, 
‘thas nearly always come of supposing that there are 
sacred things, whereas we know directly only of 
sacred relations’. But Ritchie’s humanity and 
reverence do not lead him to compromise with 
nonsense: Marxists will not like this book, nor those 
infected with “the common error of supposing that 
physics is the one and only science’’, nor any biologists 
whose attitude is rooted still in the simplicities of 
nineteenth century physics. 

But to many others it will give much pleasure and 
enlightenment, particularly to those, like the present 
reviewer, who are sadly ignorant of the origin, history 
and philosophy of the sciences—if not of their 
methods; and to any who do not believe too piously 
that the secretions of the Sacred Cow can cure at once 
all human maladies, it will bring frequent and whole- 
some laughter. It covers in a remarkably short space 
the origin of geometry, astronomy, chemistry via 
alchemy, biology in many aspects, ‘human order 
and cosmologies: and it leaves no doubt of its 
author’s conclusion that all these sciences, including 
mathematics, were derived originally from observa- 
tion and experience, from the practical arts. That 
does not mean, as he insists, that an even greater part 
in their development was not played by intellectual 
curiosity, by bold and critical thought, by trying to 
find order amid disorder; but the order to be found 
was among real things, thrown up by measurement, 
by construction, by working metals, by observing the 
sky and the seasons, by breeding plants and animals 
and by medicine. ; 

The natural sciences to-day, and the technologies 
based on them, are taking an ever-growing part m 
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human affairs; and apart from major disaster the 
growth will certainly continue. But unless the 
process is critically watched and wisely guided a sort 
of chain reaction might set in, which could end in 
science and technology taking charge and leading 
man—who knows where? It is vitally important, 
therefore, that thoughtful people of every kind should 
know something of the origins, the methods and the 
motives of the sciences, that in fact an enlightened 
public opinion should be formed : the intelligent and 
humane cannot hope to guide if they do not under- 
stand at all. So a world of good might be done if this 
book were widely read and discussed. A. V. H1Lu 


SCIENCE AND LITERATURE 


The Scientific Background 

A Prose Anthology. By Prof. A. Norman Jeffares 
and M. Bryn Davies. Pp. xii+306. (London: Sir 
Isaac Pitman and Sons, Ltd., 1958.) 21s. net. 


HE purpose of this book is two-fold : to demon- 

strate to science students the precision and 
lucidity of the best scientific writing, and to offer to 
arts students and to the general reader a pleasant 
means of entry into the world of science. The authors 
have fulfilled their first aim but have left the second 
in doubt. Certainly the book is pleasant enough and 
should take its place as one of the most useful of 
recent bed-side books. The intention of the authors is 
admirable, necessary and timely. They point out the 
difficulties of the communication of scientific dis- 
coveries and ideas both because of the development of 
terminologies and professional jargon and the general 
deterioration in the ability to use language as a 
precise instrument. The authors show that good 
scientific prose is good English prose and certainly 
give pointers towards a closing of the gap between 
science and arts. 

There are several ways of regarding the “back- 
ground of science”. The phrase has been used to 
describe the philosophy, the methodology, the 
sociological implications and the history of science. 
The authors have chosen the literary background, 
but it still remains true that a great deal of com- 
munication in science remains mathematical and 
diagrammatic ; thus, the fundamentally important 
problem of the semantics of communication theory in 
science is not explored. 

Within the limits of the pages at their disposal the 
authors have dealt with a part of the problem. Those 
who expect a documentary history of science or even 
a series of readings in chronologica! order will be 
disappointed. 

The introduction is brilliantly written : it should be 
read and learnt by every student of arts and science 
and everyone who is interested in education: ‘The 
most pressing educational problem of the moment is 
how to remedy the broad divergence brought about 
by specialization between the two main branches of 
knowledge, the sciences and the humanities’’. 

The substance of the book consists of a hundred 
short extracts of diverse types and purposes. The 
first half dozen on writing are of great value. There- 
after, there is an intriguing mixture. The Krakatoa 
sunsets by the poet Gerard Manley Hopkins rubs 
shoulders with “Mathematics and Beauty” by C. A. 
Coulson. Among extracts from the literature of the 
more common grammar school and university sciences 
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we find “How to Climb the Turret of King’s College 
Chapel, Cambridge” ; Hoyle v. Dingle and Dingle v. 
Hoyle ; James Kirkup’s poem ‘A Correct Compas- 
sion” on a heart operation. All these make an interest- 
ing mélange. Some of the passages are too short and 
scrappy to have more than a sampling value. Since 
the language of science cannot be divorced from its 
aims and methods, some longer passages, on the lines 
of Sir Cecil Dampier’s ‘Cambridge Readings in the 
History of Science”, would be useful. 

Sir Isaac Newton on the Law of Gravitation requires 
more than a page, and Faraday’s wonderfully lucid 
“Chemical History of a Candle” demands a long 
extract, otherwise we do not see enough of the 
canvas on which he paints to obtain any idea of the 
whole picture. 

The book concludes with a number of questions 
which relate to each of the passages. These should 
provide a useful basis for further analysis and 
discussion. W. L. SUMNER 


TOXAMIA AFTER BURNING 


L’Auto-Intoxication aprés Brdlure 
Par R. Godfraind. Pp. 191. (Bruxelles : 
Arsc.a 8.A., 1958.) np. 


HE general effects of extensive burning are so 

profound and complex that it is not surprising 
that an all-embracing concept of toxemia or auto- 
intoxication was put forward many years ago. The 
idea, which apparently originated from Avdakoff in 
1876 in St. Petersburg, implied that toxin(s) formed 
in the skin after burning are absorbed into the cir- 
culation and may produce illness and death; but 
the number and variety of the ‘toxins’ which have 
been reported over the years in the blood, urine or 
burned skin are legion and indicate its elusive nature. 
The hypothesis at one time led to the treatment of 
burns by tanning, which was said to precipitate the 
altered skin proteins and prevent absorption of their 
degradation products ; but the tannic acid form of 
treatment itself produced ‘toxic’ effects and tanning 
is now discredited. The concept of toxemia has lost 
ground, first, through increasing knowledge of the 
hemodynamic nature of burn ‘shock’, oligeemia and 
its relationship to the inflammatory exudation into 
the burz:ed area; and secondly, through the recog- 
nition of the importance of bacterial infection of the 
burned surface and subsequent bacterial invasion of 
the body which can certainly produce the clinical 
picture of toxemia. Nevertheless, a number of 
important observations on burns remain unexplained, 
including the experimental observation reported 
originally by Wilson and his colleagues in Edinburgh 
that the cedema fluid from the burned skin of rabbits 
developed lethal properties for other rabbits and 
mice. This aspect of toxemia has been experimentally 
pursued by Simonart and Godfraind in Louvain. Dr. 
Godfraind’s monograph is an account of their work 
on the role of proteins and their degradation products 
in burn toxemia. 

The first part is concerned with the toxicity to 
frogs of heated fibrinogen and serum albumen, their 
peptic and plasmin hydrolytic products and with the 
composition of the cedema fluid in burned frogs. The 
theme is developed in the second part of the book, 
which is concerned with studies in the rabbit on the 
toxicity of peptides, particularly when given sub- 
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cutaneously, and an account of the pathology pro- 
duced ; with the cedema provoked by injection of 
peptides and its comparison with burn cedema fluid. 
The toxicity of burn cedema fluid for other animals 
is confirmed, and this is related to protein fractions, 
particularly the euglobulin part of the exudate. The 
whole process is said to be triggered-off by the 
activity of skin and other proteases after burning 
which, by the splitting of tissue and other proteins to 
polypeptides, induce local cedema ; the exudation of 
plasma proteins follows, some of which become 
altered and are toxic on absorption. 

The author tries to account for the renal, gastro- 
intestinal, adrenal and other changes after burning 
on the basis of a peptide-induced toxemia, but the 
argument is weak. He greatly underestimates the 
parts played by oligeemia in producing the acute ill- 
ness of burns, and also of bacterial infection and 
septicemia. The monograph contains useful material 
on the biological properties of proteins and their 
split-products, much of which is relevant to the 
recent work of Miles, Wilhelm, Spector and their 
colleagues in Britain on the role of blood proteins 


and polypeptides in the pathogenesis of acute 
inflammation. The book is well produced ; it has a 


summary in English and regard is paid to the work 
of others, including British workers. 
S. SEvITT 


DIFFERENTIAL EQUATIONS FOR 
INSTRUMENTATION ENGINEERS 


Ordinary Differential Equations 
By Dr. Wilfred Kaplan. (Addison-Wesley Series in 
Systems Engineering.) Pp. xv+534. (Reading, 
Mass.: Addison-Wesley Publishing Company, Inc., 
1958.) 8.50 dollars. 

HIS book can be used as a standard text-book on 

differential equations, for it covers much the 
same ground as, for example, Piaggio’s well-known 
work ; but it is intended particularly for students of 
instrumentation engineering, so that applications 
to servo-mechanisms, computers and controls are 
emphasized, and technical terminology is frequently 
employed. Thus for the linear equation F(D) x«=f(t), 
the function f(t) is termed the input, and if the com- 
plementary function (the solution for zero input) 
tends to zero with the time, the equation is said to 
be stable, the complementary function is a transient, 
and the complete solution is effectively represented 
by a particular integral, termed the output. This 
phraseology is probably more graphic and so more 
easily appreciated by the student of control engineer- 
ing than the familiar but flat language of the pure 
mathematician. It also emphasizes the role of the 
differential equation as a functional transform from 
input to output, and so links up with the modern 
transform calculus. The author keeps well in view 
the idea that the proper question to ask about a 
differential equation is not whether it can be solved 
but how much does it tell us about the function which 
satisfies it. 

Existence theorems are not ignored, but are placed 

at the end of the book and so need not obstruct a 
first reading. Much of the material is classical and 
need not be specified here, but for more recent work 
there is a good section on matrices and their connex- 
ion with linear differential equations, and a most 
helpful introduction to the phase-plane method for 
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non-linear equations. The student who is daunted 
by the concentrated stimulus of Lefschetz or the high 
abstract precision of Coddington and Levinson 
might do well to play himself in through these 
chapters in Kaplan’s book. 

In a book of 500 pages, to devote only 14 to 
numerical methods is derisory; there should be 
either a great deal more, or nothing save the half- 
page of references. Simultaneous linear equations with 
constant coefficients occupy much space, but the 
methods given seem to be generally more awkward 
than Routh’s efficient procedure. There is nothing 
about modern operational or transform methods, 
save two or three pages on the application of the 
Laplace transform to  constant-coefficient linear 
equations, too sketchy to be of value either to the 
ignorant or to the informed. But this omission is 
fully explained by the author’s promise of a speedy 
appearance of his companion volume on opera- 
tional methods for linear systems. 

T. A. A. BROADBENT 


FERROELECTRICITY 


Ferroelectricity in Crystals 
By Helen D. Megaw. Pp. xi+220. (London : 
Methuen and Co., Ltd., 1957.) 27s. 6d. net. 
ERROELECTRICITY is a subject of relatively 
recent origin, which is, at the moment, developing 
with exceptional rapidity. The number and range 
of original papers are a constant strain on the time of 
investigators in the field, and must be bewildering 
to beginners. These circumstances call for a skilful 
review of the subject, and this has been admirably 
accomplished by Dr. Megaw in “‘Ferroelectricity in 
Crystals’. This is a short book (only 220 pages), but 
by careful selection, logical arrangement, and lucid 
exposition the author has produced a volume which 
can be both a ‘source book’ to the expert and an 
introduction to the beginner. 

The first chapter gives a brief outline of the subject, 
with clear definitions of the new terms involved. The 
following six chapters summarize the experimental 
data on Rochelle salt, potassium dihydrogen phos- 
phate, barium titanate, other perovskite materials, 
and miscellaneous structures such as cadmium niobate 
and guanidine aluminium sulphate hexahydrate. 
The remaining three chapters expound the present 
theoretical position, including the thermodynamic 
method of correlating observed properties, and the 
basic features of current theoretical models of 
ferroelectrics. 

The approach to the problem is essentially crystallo- 
graphic, and the object of bringing out the close 
correlation between the structure, and the intrinsic 
electric properties of the single domain is successfully 
achieved. The treatment gains in clarity by making 
only brief reference to domain dynamics, with its 
murky problems of failing memories and _ fictitious 
surface layers. 

The book has a short, well-chosen index, and a 
most useful glossary of crystallographic terms. There 
are copious references to original papers through- 
out the text, which are listed at the end of each 
chapter. 

Altogether this is a book of exceptional merit, and 
it is only to be hoped that demand proves sufficient 
to allow further editions to be produced at not too 
long intervals. L. E. Cross 
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ROLE OF THE SCHOLAR IN SOCIETY” 


By Dr. HENRY ALLEN MOE 


Secretary-General of the John Simon Guggenheim Memorial Foundation, President of the 
American Philosophical Society 


geste WALDO EMERSON, who made it, 

declared that a scholar’s first duty in society is 
not to quit his belief that a popgun is a popgun, 
although the ancient and honourable of the Earth 
affirm it to be the crack of doom. It is all there, all 
that anyone needs to know about the function of the 
-cholar in society in these days, or in any days ; you 
xo where your evidence takes you; and there you 
stand, even though the ancient and honourable of 
the Earth are sure that you should be standing 
somewhere else. 

But in this modern world—the world in which the 
Newtonian mechanics, to cite but one example, have 
heen shown to have less than the divinity which 
hedged them about for centuries—I conceive that 
the Emersonian declaration needs a Moeian rescen- 
sion: ‘‘Neither shall the scholar quit his belief that 
the crack of doom is the crack of doom, although the 
ancient and honourable of the Earth affirm it to be 

popgun ’. 

Of the need for this rescension, there are many 
examples: and in view of the fact that this is the 
centenary of the publication of Charles Darwin’s 
“On the Origin of Species’, I shall refer first to that 
crack of doom for much of theology and more of 
biology. The first edition of that book, all 1,200 
copies, was sold out, it is true, in less than a day 
but then the wielders of the popguns began to pop. 

An article in The Quarterly Review said that 
Darwin was attempting in his book “‘to prop up his 
utterly rotten fabric of guess and speculation” and 
declared that it was all “‘utterly dishonourable to 
science”’. The Spectator accused Darwin of collecting 
a mass of facts to substantiate a false principle. 
Darwin’s own college, Trinity at Cambridge, would 
not permit a copy of the “Origin” in its library. Sir 
John Herschel, the astronomer, described Darwinism 
as “the law of higgeldy-piggeldy”. Darwin’s old 
seology professor at Cambridge, Sedgwick, wrote to 
Darwin that the book was ‘“‘false and mischievous” 
and added that when he read it had “laughed till 
his sides ached’’. 

But there were defenders, too: T. H. Huxley, 
Charles Lyell, geologist, Asa Gray, American botanist, 
the last-named contradicting his colleague Agassiz at 
Harvard. The end of the pros and cons is not yet 
in sight; but, undoubtedly, it was not a popgun 
that Darwin fired off, although many of the ancient 
and honourable of the Earth were strongly of that 
opinion. 

Moreover, there was Dante of the thirteenth and 
fourteenth centuries, in some ways the greatest mind 
of all time, who, as Oliver Goldsmith put it clearly 
and accurately, “‘first followed Nature and was per- 
secuted by his erities as long as he lived’’—in and 
out of exile and in and out of prison. Sick with 
petty quarrels and dissensions, Dante strained the 


* Substance of an address delivered on May 21 at the Rockefeller 
Institute Convocation for Conferring of Degrees and a ution of 
New Buildings (see also Nature of June 13, 20 and 27, 1959) 


eyes of his mind toward the hills, for the appearance 
of a universal monarch who should be raised above 
the flaws of faction and the spur of political ambition, 
under whom each country, each city, might (under 
the institutions best suited to it) lead the life and do 
the work for which it was best fitted. United in 
spiritual harmony, Dante showed to the world for 
the first time a plan of a government where the 
strongest force and the highest wisdom were inter- 
penetrated by all that God had given to the world 
of piety and justice; and it is not possible to say 
that Dante’s dream did not work its own realization 
nor to deny that the high ideal of the poet had its 
effect. For, five centuries later, it became embodied 
in the constitution of the Italian State, which still 
has no stronger bond of union than a common 
worship of the exiled and imprisoned poet’s indignant 
and impassioned verse’. 

But I need not multiply my examples: everyone 
will have those that are better and clearer for him- 
self, because they flow from his own fields of interest. 
Nevertheless, for me there still remains to relate the 
poignant example of Edward FitzGerald’s trans- 
lation—which is more than a translation—of ‘“The 
Rubaiyat of Omar Khayyam’’. The centenary of its 
publication has been scarcely observed. It appeared 
in April 1859 for sale at ls. a copy. But it found 
not one buyer at that price; and all 250 copies of 
the first edition were remaindered at ld. each. 

Omar, a son of the tentmaker, was, in his lifetime, 
famous as philosopher, astronomer and mathe- 
matician. He was one of the eight astronomers 
appointed by the eleventh-century Persian Malik 
Shah to reform the calendar ; and as FitzGerald has 
him say in his verses (for ‘Rubdaiyaét’ simply means 
verses) : 

“Ah, but my Computations, People say 
Reduced the Year to better reckoning ? 
*Twas only striking from the Calendar 
Unborn Tomorrow and dead Yesterday” 


Nay, 


Omar's contemporaries honoured him for his 
mathematical and astronomical computations ; but, 
for his verses, they denounced him as a free-thinker. 
The “Rubaiyat”’, in essence, is a plea for tolerance : 
in it, everything is tolerated except intolerance. This 
point of view was offensive to orthodox Muslims. As 
was said in “‘The Book of Learned Men’’, an Arabic 
biographical work of the thirteenth century: ‘The 
inner meanings [of Omar’s verses] are as stinging 
serpents to the Musselman law : hence, the men of 
his day hated him he 

Being disapproved in contemporary eleventh- 
century Islam, the verses lay in obscurity on through 
the ages. So small was their interest that only two 
manuscripts have been found—one in the Bodleian 
Library of the University of Oxford, and one in the 
Library of the Asiatic Society of Bengal in Calcutta. 

The resistances which the eleventh-century Omar’s 
verses met in Islam were no different in kind from 
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the resistances which the FitzGerald translation met 
in nineteenth-century Christendom. So it was that 
Edward Cowell, the Persian scholar who had intro- 
duced FitzGerald to the ‘‘Rubaiyat’’ manuscripts, 
wrote that he would not permit a book on the Omar 
verses to be dedicated to him. “I unwittingly in- 
curred”, he said, “‘a grave responsibility when I 
introduced his poems to my old friend. . . . I admire 
Omar but I cannot take him as a guide’’*. 

In the pre-Darwinian Western world, when all 
things were known or could be known by revelation 
—especially about human affairs—words such as 
these by Omar had no takers : 


“There was the Door to which I found no Key ; 
There was a Veil through which I might not see... . 


” 


But Omar had seen clearly that the great questions 
always stand—all the great questions of literature 
and history and philosophy and science stand—out- 
side the limits of finality. It is a lesson we have not 
learned to this day. To cite an example, from a 
field in which many of you must tread more familiarly 
than I—an example which I have from that very 
great mathematician, Hermann Weyl—as late as 
1923 the writers on relativity theory and tensor 
calculus were accused by some of the ancient and 
honourable of the Earth of having laid waste a rich 
cultural domain, that rich cultural domain being the 
algebraic theory of invariants. This time, what wes 
called a popgun truly became the crack of doom. 

But a new key, which the ancient and honourable 
of the Earth had not found, was found in the theory 
of representations of continuous Lie groups ; and by 
these new means the old problems which, according 
to the complaint, the relativists had let go by the 
board have been attacked on a much deeper level 


VoL. 184 


July 4, 1959 


than was possible by the algebraic theory of in- 
variants? 

There still is a ‘‘Veil through which I might not 
see’’, still a ‘““Door to which I found no Key”’; but 
the Veil and the Door are different veils and different 
doors, placed further down the corridor of men’s 
eternal quest for Truth : 


“Of all sad words of tongue or pen”’ [wrote our 
own Whittier], 
“The saddest are these, it might have been”’. 


One is tempted to wonder, in the most futile of 
wonderment, as I know, what might have happened 
in Islam as well as in Christendom, in the Middle 
East as well as in the West, if the freedom-giving 
intellection behind Omar Khayyam’s ‘“‘Rubaiyat”’ had 
become as well understood as Charles Darwin’s 
intellection “On the Origin of Species’’. 

But let me not engage in speculative futility on 
this occasion. Rather, let me hope with Omar, for 
each one of us, that : 


“Of my base metal may be filed a Key 
That shall unlock the Door he [the Dervish] howls 
without”’. 


‘A Hair, perhaps, divides the False and True’, 
wrote Omar in the eleventh century. A hair, perhaps, 
divides the popgun from the crack of doom, the crack 
of doom from the popgun. The function of the 
scholar in any society is to make that division for 
himself and then to stand on the side of the divide 
that represents truth for him. 
1“Encyclopedia Britannica”, eleventh edit.,in article ‘‘Dante”’. 

2 ‘aa. of Edward FitzGerald”’, by Alfred Mckinley Terhune, 218 
3 “Relativity Theory as a Stimulus in Mathematical Research”, by 
Hermann Weyl, Proc. Amer. Phil. Soc. (1949). 


LYMAN-ALPHA PHOTOGRAPHS OF THE SUN 


By J. D. PURCELL, Dr. D. M. PACKER and Dr. R. TOUSEY 
U.S. Naval Research Laboratory, Washington 25, D.C. 


ee photographed from rockets by the 

University of Colorado'.? and by the U.S. Naval 
Research Laboratory* have shown that the Lyman- 
alpha line of hydrogen, 41215-7A., is emitted by the 
Sun with high intensity. Little beyond this is 
definitely established concerning the details of the 
emission. Values of half-width vary between 1 A., 
reported by Miller et al.?, and not more than 0:3 A., 
published by Johnson et al.’. The total intensity of 
Lyman-alpha during the recent years near the sun- 
spot maximum has been found by Byram et al.‘ to be 
5-6 ergs/em.? see., on a number of rocket flights. 
Whether the much lower values recorded earlier near 
sunspot minimum were correct is controversial. 

The first Lyman-alpha photographs of the solar 
disk were obtained by Mercure et al.° in 1956. Each 
of the four images obtained showed three regions 
where the density was approximately 0-03 greater 
than the scattered white-light background. This 


blackening was attributed to Lyman-alpha radiation 
and was found to agree, approximately, in position 
with the three principal areas where plages were 
located in calcium K and hydrogen-alpha spectro- 
heliograms. 


Low resolution and prominent grain 


made further correlations impossible, and the limb 
of the Sun was not sharply defined. 

A new series of Lyman-alpha images of the Sun 
was obtained from an Aerobee-Hi rocket between 
15.47-5 and 15.48-5 vu.t. on March 13, 1959. The 
altitude ranged from 110 to 170 km., which was 
sufficiently high to be above appreciable atmospheric 
absorption at this wave-length. Simultaneously, the 
Sun was photographed in white light, hydrogen-alpha 
and calcium K. The Mount Wilson, McMath-Hulbert 
and Sacramento Peak Observatories, the Naval 
Observatory and the Naval Research Laboratory 
co-operated in this programme. 

Fig. 1 shows a diagram of the instrument, described 
by Purcell®. It is essentially a double monochromator, 
using two 40-cm. radius gratings with 600 lines per 
mm. in the first order, arranged so that the dis- 
persions are additive. The Lyman-alpha image of the 
Sun formed by the first grating is passed by an 
aperture in a diaphragm which intercepts the rest of 
the spectrum. The second grating disperses the light 
again, forming a Lyman-alpha image enlarged by a 
factor of 2 and freed from stray light. The first 
grating was mechanically deformed, as described by 
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Purcell and Tousey’ in such a way 
as to produce a stigmatic image. 
One grating was coated with alum- 
intum plus magnesium fluoride, 
the other with zine sulphide, with 
specular reflectances at 1216 A. 
of 80 per cent and 31 per cent, 
respectively, as described by Hass 
and Tousey®. As a result, the 
system was very fast and 1/50 sec. 
was sufficient to produce a good 
image. The entire unit was kept 
pointed at the Sun with a servo 
system constructed by the Univer- 
sity of Colorado. 

In Fig. 2 is reproduced one 
of the 1/50 sec. Lyman-alpha solar 
disk images. Presented for com- 
parison are a calcium K 9,3,2 spectro- 
heliogram obtained by the McMath— 
Hulbert Observatory, 
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Images of the Sun on March 13, 1 
heliogram (McMath-—Hulbert Observatory) ; 
( 


Fig. 2. 


and a _ hydrogen-alpha,,;,. 
image photographed by the U.S. Naval Research 
while 
The white-light photograph was 
made by the U.S. Naval Observatory at 13.57 v.T., 
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Fig. 1 Optical diagram of the Lyman-alpha camera 


on the same day. The axis of the Sun is vertical 
with north at the top and east at the right. 

It is apparent that Lyman-alpha radiation is 
emitted most strongly from plages, and that the 
pattern of emission resembles calcium K more than 


the rocket 


(d) 


959. (a) Lyman-alpha of hydrogen from Aerobee-Hi rocket; (b) calcium K,.3,. spectro- 
(c) hydrogen-alpha with 0-7 A. monochromatic filter (Naval Research Laboratory) ; 
d) white light (U.S. Naval Observatory) 
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it does hydrogen-alpha radiation. The Lyman-alpha 
image differs from calcium K by having a larger 
ratio of intensity between bright and dark features, 
and by having a coarser structure. 

The solar Lyman-alpha image in general shows 
detail down to about 1 min. of are only ; it is prob- 
able that this limit was set by the resolving power of 
the instrument. However, there is reason for 
believing that the coarseness of the pattern may, in 
part, be a real characteristic of the Lyman-alpha 
image, because the instrumental resolving power was 
found to be 1/3 min. in the laboratory, and because 
some details down to half a minute of arc appear in 
the solar image. The very fine stippling is, of course, 
photographie grain. 

The correlation between features in the calcium K 
and Lyman-alpha images is striking. If the detail 
in the calcium AK image is reduced to about the 
same as that present in the Lyman-alpha image, 
which can be accomplished by viewing the print 
out of focus, all the bright details in the two images 
match approximately. 

The high contrast between Lyman-alpha_ plages 
and the background is quite noticeable. From pre- 
liminary measurements it appears that the ratio 
between the intensity of the brightest plage and the 
average inactive region is twice as great as in the 
corresponding regions of the calcium K image®. As 2 
result, the Lyman-alpha plages seem to cover 2 
larger fraction of the disk than the calcium K plages 
(observations furnished by courtesy of McMath 
Hulbert Observatory). However, if the faintest 
calcium K plages are included, the difference in area 
covered is not great. 

Conspicuous in the Lyman-alpha image are several 
broad dark lines. One follows the course of the 
calcium K filament in high northern latitudes. The 
most prominent dark line lies below the equator, at 
an angle of about 30° to it. This can barely be seen 
in the calcium K and hydrogen-alpha images. There 
is no corresponding well-defined filament in hydrogen- 
alpha and only a trace of a filament in calcium K. 
Such an outstanding feature cannot be attributed to 
@ narrow filament alone, since a sharply defined 
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narrow filament, when photographed at low resolu- 
tion, would form a broad but extremely faint dark 
line. 

The darkest part of the Lyman-alpha image is near 
the centre of the Sun. Limb darkening or brightening, 
in general, would be difficult to establish because 
of the complicated and varied pattern over the disk. 

Most of the sunspots, shown by white light, do not 
appear in the Lyman-alpha image. The large group 
near the limb cannot be seen at all. The centre of 
the string of three, which is surrounded by a pen- 
umbra in the K-line image, is visible as a large hole 
in the corresponding Lyman-alpha plage. The upper 
of the three can also be seen. 

The limb, as shown in Fig. 2, is clear-cut and real. 
In several of the long Lyman-alpha exposures, which 
are not reproduced here, prominences can be seen. 
The correlation with hydrogen-alpha prominences is 
good. The largest prominence seen in the Lyman- 
alpha radiation can be followed out to about 1 min. 
of arc from the limb, which is about the same as for 
the hydrogen-alpha image. 

The high intensity and great extent of the Lyman- 
alpha plages suggest that the total intensity of 
Lyman-alpha radiation emitted by the Sun might be 
expected to depend on the extent of the plages. The 
total area covered by intense calcium plages reaches 
a& maximum at sunspot maximum, and falls off to 
near zero at minimum. If the Lyman-alnha plages 
behave in a similar fashion, the Lyman-alpha emis- 
sion intensity of the Sun should vary significantly 
between sunspot maximum and minimum. 

1 Rense, W. A. Phys. Rev., 91, 299 (1953). 
* Miller, jun., 5S. C., Mercure, R., and Rense, W. A., 

124, 580 (1956). 


* Johnson, F. S., Malitson, H. H., Purcell, J. D., 
Astrophys. J., 127, 80 (1958). 
‘ Byram, E. T., Chubb, T. A., Friedman, H., Kupperian, jun., J. E., 
and Kreplin, R. W., Astrophys. J., 128, 738 (1958). 
> Mercure, R., Miller, jun., S. C., Rense, W. A., and Stuart, F., J. 
Geophys. Res., 61, 571 (1956), and private communication from 
Rense, W. A. 
Purcell, J. D., J. Opt. Soc. Amer., 47, 1057 (SB36) (1957). 
? Purcell, J. D., and Tousey, R., J. Opt. Soc. Amer., 47, 1057 (SB35) 
(1957). 
* Hass, G., and Tousey, R., 
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CONVERSION OF LIGHT INTO CHEMICAL ENERGY IN 
PHOTOSYNTHESIS 


By Pror. DANIEL |. ARNON 
Laboratory of Plant Physiology, University of California, Berkeley 


FT HE discovery! in 1954 that isolated chloro- 

| plasts are capable of forming carbohydrates 
from carbon dioxide and water with a simultaneous 
evolution of oxygen, with no energy supply except 
visible light, has opened a way for investigating the 
central problem of photosynthesis, the conversion of 
light into chemical energy, in a physiologically viable 
system free from the structural and functional com- 
plexity of the whole cell. This approach has already 
forced a re-examination’ of certain established con- 
cepts in photosynthesis. One of the most fruitful 
of these concepts in guiding contemporary research 
in photosynthesis, including the current work with 
isolated chloroplasts, has been the theory of van 
Niel® that photolysis of water is the basic reaction, 
common to green plants and photosynthetic bacteria, 
for converting light into chemical energy. However, 


very recent experiments*-*® with isolated chloroplasts 
and cell-free particles of: the photosynthetic sulphur 

acterium, Chromatium, now suggest that photo- 
synthetic phosphorylation rather than photolysis 
of water is the common denominator of photosynthe- 
sis in bacteria and in green plants. The purpose of 
this article is to trace the recent evolution of this 
alternative view of photochemical events in photo- 
synthesis, and to present, in a unified fashion, some 
of the evidence and considerations on which it rests. 


Separation of Light and Dark Phases of Photo- 
synthesis in Green Plants 

It has long been considered (literature cited in ref. 

10) that carbon assimilation proper is a dark, chemo- 

synthetic phase of photosynthesis, and that the 
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reactions involved are, in all probability, not peculiar 
to photosynthesis but rather reversals of those 
responsible for the degradation of sugars in respira- 
tion!!, Support for this point of view is found in 
the recent identification by Trudinger!? and Aubert 
et al.8 in the chemo-autotrophic, but non-photo- 
synthetic, bacterium Thiobacillus denitrificans, of the 
same eyclic mechanism for carbon dioxide assimila- 
tion in the dark as is found in photosynthesis of green 
plants!4. Moreover, Racker’.'* has recently obtained, 
in the dark, a synthesis of hexose phosphate from 
carbon dioxide by a multi-enzyme system consisting 
of glycolytic enzymes from rabbit muscle and yeast 
and the pentose cycle enzymes from spinach leaves. 
In his experiments, the energy needed for this syn- 
thesis was supplied by including in the reaction 
mixture exogenous adenosine triphosphate and an 
cnzymatie device for generating, in the dark, reduced 
diphosphopyridine nucleotide at the expense of added 
molecular hydrogen or alcohol. 

If the experiments of Racker are taken as a model 
for the dark carbon dioxide assimilation in photo- 
synthesis by green plants, as was proposed by Calvin", 
then the essence of photosynthesis, the conversion 
of light energy into physiologically useful chemical 
energy, must lie in the photochemical reactions which 
generate adenosine triphosphate and reduced pyridine 
nucleotides at the expense of absorbed light energy. 
Moreover, since the dark reactions responsible for 
carbon dioxide assimilation do not result in oxygen 
evolution—which remains a unique characteristic of 
photosynthesis in green plants—the photochemical 
phase of photosynthesis must account for the forma- 
tion of three products: oxygen, reduced pyridine 
nucleotide and adenosine triphosphate. 

In the intact cell, the conversion of light into chemi- 
cal energy is closely bound with carbon dioxide 
assimilation ; the light and dark phases of photo- 
synthesis are closely interwoven, and attempts to 
separate them experimentally have so far yielded no 
effective method for investigating the mechanism of 
the photochemical reactions. Thus, when whole 
cells were pre-illuminated in the absence of carbon 
dioxide they were shown to acquire in light only a 
short-lived capacity, measured in seconds!’ or 
minutes!*.1®, for a subsequent dark carbon dioxide 
fixation. There was no agreement as to the chemical 
nature of this transient and unidentified product of 
the light reaction. Calvin et al.!* characterized it as a 
“reducing power’’ whereas Gaffron et al.'? considered 
it to be an acceptor substance for carbon dioxide 
fixation. Likewise, with respect to adenosine tri- 
phosphate, experiments with whole cells have given 
no clue as to the mechanism and site of adenosine 
triphosphate formation in photosynthesis. In general 
schemes for photosynthesis, adenosine triphosphate 
required for carbohydrate synthesis was usually 
ussumed to come from oxidative phosphorylation 
hy mitochondria (see, for example, ref. 20 (Fig. 7), 
and also review, ref. 21). 

A special contribution of experiments with isolated 
chloroplasts to the study of the mechanism of photo- 
synthesis is that they have provided an effective 
experimental approach to the separation of the light- 
dependent phase of that process, in which oxygen, 
reduced triphosphopyridine nucleotide and adenosine 
triphosphate are formed, and the dark phase during 
which carbon dioxide is assimilated. A _ physical 
separation of the two phases of photosynthesis by 
fractionating chloroplasts has recently been described 
by Trebst et al.°. The light phase was completed 
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first by the complete chloroplast system in the absence 
of carbon dioxide and resulted in an evolution of 
oxygen accompanied by an accumulation of reduced 
triphosphopyridine nucleotide and adenosine triphos- 
phate in the reaction mixture. The green portion 
of the chloroplasts (grana) was then discarded, and 
when carbon dioxide was next supplied to the remain- 
ing non-green portion of the chloroplasts (stroma) 
in the dark, it was assimilated to sugar phosphates. 
The two phases, when carried out separately, yielded, 
essentially, the same final photosynthetic products 
as the continuously illuminated chloroplast system. 
The conclusion seemed justified, therefore, that the 
conversion of absorbed light energy into the chemical 
energy used for carbon dioxide assimilation in the 
dark occurs during the photochemical reactions in 
which chloroplasts evolve oxygen and form assimil- 
atory power‘, that is, adenosine triphosphate and 
reduced triphosphopyridine nucleotide. These two 
substances are then, so far as it is now known, the 
first stable chemical compounds formed by green 
plants at the expense of absorbed light energy and 
are thus the true ‘first products of photosynthesis’, a 
term which has usually been applied to products of 
carbon dioxide fixation, such as phosphoglyeracte™. 


Photochemical Reactions in Cell-free Systems 


The three products of the light reactions in chloro- 
plasts, oxygen, adenosine triphosphate and reduced 
triphosphopyridine nucleotide, are now known!.?? to 
be formed by two reactions* : 

- ATP (1) 


ADP + H,PO, 


: reductase 
2TPN + 2H,O + 2ADP + 2H,;PO, ———— 
2TPNH, + O, + 2ATP (2) 
A non-physiological variant of reaction 2 is reaction 
3, in which triphosphopyridine nucleotide is replaced 
by ferricyanide (represented here by Fe**). 


4Fe** + 2H,O +2ADP + 2H,;PO, - 

Fe?* + O, + 2ATP + 4H+ (3) 
Reactions 1 and 2 revealed a previously unknown 
capacity of chloroplasts to use light energy for the 
formation of the energy-rich pyrophosphate bonds 
of adenosine triphosphate, a process called photo- 
synthetic phosphorylation to distinguish it from 
oxidative phosphorylation by mitochondria*, formerly 
known to be the only cytoplasmic particles capable 
of forming adenosine triphosphate. Photosynthetic 
phosphorylation of the kind shown in reaction 1, in 
which adenosine triphosphate is the sole product of 
absorbed light energy, has been designated as cyclic 
photophosphorylation! to distinguish it from the 
non-cyclic photophosphorylation shown in reaction 2, 
in which only part of the light energy absorbed by 
chlorophyll is used for the formation of adenosine 
triphosphate ; the remainder is used for the formation 
of a reductant, reduced triphosphopyridine nucleotide, 
which provides the ‘hydrogens’ needed for the con- 
version of carbon dioxide to sugars. (Non-cyclic 
photophosphorylation has also been called ‘‘one- 

step’? or “‘primary”’ photophosphorylation*‘-*°.) 

* The following abbreviations will be used : TPN or TPNox, TPNH, 
or TPNred, Oxidized and reduced forms of triphosphopyridine nucleo- 
tide; ADP, ATP, adenosine di- and tri-phosphopyridine nucleotide ; 
Fe*+ cyt, Fe*+ cyt, oxidized and reduced forms of cytochrome ; 
FMNox, FMNred, Oxidized and reduced forms of riboflavin phosphate ; 
PN, PNH;, oxidized and reduced forms of pyridine nucleotide; I, 
orthophosphate. 
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Non-cyclic photophosphorylation (equation 2) 
provides all the three expected products of the light 
phase of photosynthesis in green plants: molecular 
oxygen and the two components of assimilatory power 
required for the conversion of carbon dioxide into 
sugars: reduced triphosphopyridine nucleotide and 
adenosine triphosphate. Cyclic photophosphoryla- 
tion (equation 1) supplies only adenosine triphosphate 
and the participation of this reaction in carbon dioxide 
assimilation would be needed only if the adenosine 
triphosphate formed in reaction 2 were insufficient 
for carbon dioxide assimilation to the level of carbo- 
hydrate—a conclusion for which, as will be shown 
later, there is now experimental evidence. 

Of the two photochemical reactions of isolated 
chloroplasts, the less-versatile one, cyclic photo- 
phosphorylation, was the more interesting from the 
point of view of possible mechanisms of energy 
transformations in photosynthesis. Cyclic photo- 
phosphorylation (equation 1) permitted us to view 
the key event of photosynthesis, the conversion of 
light into chemical energy, as being unrelated to the 
two corner-stones of photosynthesis in green plants : 
the reduction of carbon dioxide and the evolution of 
oxygen. Instead of producing a reductant for carbon 
dioxide assimilation, reaction 1 converts the absorbed 
light energy into a general species of cellular energy, 
adenosine triphosphate, a highly negotiable physio- 
logical ‘“‘energy currency” which can be used for a 
multitude of endergonic reactions within the cell?’. 

The significance of cyclic photophosphorylation as 
a general energy conversion process in photosynthesis 
was greatly increased when it became clear that the 
structural association of chlorophyll pigments with 
a phosphorylating system is not limited to green 
plants but is apparently found in all photosynthetic 
cells and constitutes a fundamental aspect of photo- 
synthesis‘. Soon after photosynthetic phosphoryla- 
tion was observed in chloroplasts, Frenkel?*.?9 
demonstrated photosynthetic phosphorylation in 
cell-free preparations of a purple, non-sulphur photo- 
synthetic bacterium, Rhodospirillum rubrum, a finding 
confirmed by Geller®®.*! and Mattick and Lindstrom®?. 
Williams**, Kamen and Newton*, and Anderson and 
Fuller*® described a photosynthetic phosphorylation 
in the chromatophores**.3’ of the obligately anaerobic 
photo-autotroph, Chromatium. 

The photosynthetic phosphorylation found in 
bacterial chromatophores was of the cyclic type. 
As would be expected from the anaerobic nature of 
bacterial photosynthesis, chromatophores were unable 
to carry out non-cyclic photophosphorylation in 
which the formation of adenosine triphosphate is 
accompanied by oxygen evolution (equation 2 or 3). 
Cyclic photophosphorylation appeared, therefore, as 
a fundamental process, common to all photosynthetic 
organisms, by which light energy is converted into 
chemical energy. It seemed reasonable to expect that 
elucidation of the mechanism of cyclic photophos- 
phorylation would prove important to the under- 
standing of the energy conversion process in photo- 
synthesis. 


Cyclic Photophosphorylation in Chloroplasts and 
Chromatophores 

The first working hypothesis proposed* for the 

mechanism of cyclic photophosphorylation attempted 

to account, within the framework of van Niel’s hypo- 

thesis of photolysis of water’, for several experimental 

observations. The capture of light energy by chloro- 
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plasts was not accompanied by oxygen evolution?.3*.39 
(or absorption) and was independent of carbon 
dioxide assimilation!-* ; no reductant was formed or 
oxidized as a substrate®#°; the process was (in 
addition to Mg?*) strongly catalysed by added ribo- 
flavin phosphate, vitamin K substances and ascorbate, 
but not by pyridine nucleotides?.*8.41, 

The first hypothesis? proposed, visualized cyclic 
photophosphorylation as resulting in the simul- 
taneous generation, through a photolysis of water, 
of a reducing agent (H) and an oxidizing agent (OH) 
at opposite ends of an electron transport chain. 
Vitamin K, riboflavin phosphate, ascorbate and 
cytochromes were tentatively proposed as members 
of the electron-transport chain which catalysed a 
stepwise recombination of the products of photo- 
decomposition of water, thereby making energy avail- 
able for the formation of pyrophosphate bonds. The 
role of the first electron or hydrogen acceptor was 
tentatively assigned® to either riboflavin phosphate 
or, as proposed by Wessels*?, to vitamin K. 

The inadequacy of this hypothesis became apparent 
when further studies of cyclic photophosphorylation 
indicated that there are two kinds of cyclic photo- 
phosphorylation in chloroplasts. Maximal rates of 
cyclic photophosphorylation occurred with either 
riboflavin phosphate or vitamin K as catalysts. At 
a saturating concentration of one catalyst, the addi- 
tion of the other gave no further increase in photo- 
phosphorylation, but little phosphorylation occurred 
unless one of them was added. 

Riboflavin phosphate and vitamin K appeared to 
catalyse separate pathways for the electron (or 
hydrogen) transport which results in cyclic photo- 
phosphorylation?*.*3.44, The riboflavin phosphate 
and vitamin K pathways, types or “‘systems’’, as they 
will often be referred to, were found by Whatley 
et al.*43 to be similar in their requirement for 
Mg? and ascorbate, their sensitivity to certain 
inhibitors such as _ p-chloromercuribenzoate and 
gramicidin and their insensitivity to others, for 
example, arsenite and antimycin A. The two path- 
ways for cyclic photophosphorylation differed, how- 
ever, in that the riboflavin phosphate system was 
more sensitive to inhibition by o-phenanthroline and 
dinitrophenol than the vitamin K_ pathway?*43. 
Moreover, triphosphopyridine nucleotide, which was 
in the meantime found to be a catalyst of cyclic 
photophosphorylation*®, appeared to be required for 
the riboflavin phosphate pathway but not for the 
vitamin K_ system***%, The association of the 
riboflavin phosphate pathway with triphosphopyri- 
dine nucleotide was also indicated by the finding 
that the non-cyclic photophosphorylation with 
triphosphopyridine nucleotide (equation 2) was as 
strongly inhibited by o-phenanthroline and dinitro- 
phenol as was the cyclic photophosphorylation with 
riboflavin phosphate?®.‘%, 

Bacterial chromatophores were found to have 
only the vitamin K pathway of cyclic photophos- 
phorylation. The addition of riboflavin phosphate 
and triphosphopyridine nucleotide was found to be 
without effect’*°. Cyclic photophosphorylation in 
bacterial chromatophores*®.*4 as well as in chloro- 
plasts**® is also known to be catalysed by a non- 
physiological agent, phenazine methosulphate. This 
process, in both chloroplasts and chromatophores, was 
found to resemble the vitamin K system in being 
resistant to inhibition by o-phenanthroline and dini- 
trophenol and independent of triphosphopyridine 
nucleotide’.2*, The common denominator of photo- 
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ible 1. EFFECT OF CHLORIDE ON PHOTOSYNTHETIC PHOSPHORYLATION 
BY ISOLATED CHLOROPLASTS (ref. 6) 
(umoles phosphate esterified) 
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Phosphorylating system — Chloride | + Chloride 
( (4) Non-cyclic, ferricyanide 0:3 | 3:7 
(B) Non-cyclic, TPN } 0:7 3°6 
(C) Cyclic, riboflavin phosphate 4 7-4 
(D) Cyelic, vit. K; 3 8:7 
(B£) Cyclic, phenazine methosulphate 3 8:3 








n all treatments the reactiun mixture (3 ml. total volume) con- 
tained, in wmoles: tris(hydroxymethyl)aminomethane (adjusted to 


) »li 8-2 with acetic acid), 80; adenosine diphosphate, 10; K,HP**0,, 
+10; magnesium sulphate, 5. 


Special additions in the respective 
(A) ferricyanide, 8 ~moles; (B) triphosphopyridine 
chloroplast extract (ref. 45) (CE) equivalent 

(C) riboflavin phosphate, 0-1 umole; tri- 
sodium ascorbate, 5 umoles ; 


reatments were : 
nucleotide, 4 umoles ; 
2 mgm. chlorophyll ; 
ph isphopyridine nucleotide, v-3 umole ; 
PD) vit. Ks (menadione), 0- 3 umole; sodium ascorbate, 5 umoles ; 
(Ff) phenazine methosulphate, 30 ugm. ‘Broken’ chloroplasts free of 
loride (ref. 6) and containing 0-25 and 0-1 mgm. chlorophyll were 
ided to the non-cyclic and cyclic systems, respectively. 10 pmoles 
yas 
Illumination, 30 min. in all treatments, except (E) 
Other methods are described elsewhere (ref. 40). 








phase, nitrogen. 
illuminated 15 min. 
synthesis in chloroplasts 2nd chromatophores could 
thus be narrowed down specifically to the vitamin K 
type of cyclic photophosphorylation. 


Role of Chloride 

Fresh support for the existence of separate path- 
ways for electron transport in photosynthetic phos- 
phorylation has come from the recent work of 
Bové et al.® on the role of chloride in photosynthesis. 
Warburg!’ discovered that chloride, replaceable by 
bromide but not by other anions, was essential for 
oxygen evolution by isolated chloroplasts. This 
discovery was fully confirmed by Arnon and What- 
lev48; but they were disinclined to accept, at that 
time, Warburg’s conclusion that chloride is a 
coenzyme of photosynthesis, because this conclusion 
would have conferred on chloride the then unwar- 
ranted status of an essential element for green plants. 


However, they envisaged the possibility*’ which 
has since been documented?®*°, that chloride may 


prove to be an essential micronutrient for green 
plants. 

A re-investigation® of the role of chloride in the 
photochemical reactions of chloroplasts (Table 1) 
confirmed Warburg’s conclusion that chloride is 
essential for photosynthesis in green plants. Chloride 
was found to be required for the noa-cyclic photo- 
phosphorylations (equations 2 and 3) and for the 
riboflavin phosphate pathway of cyclic photo- 
phosphorylation, all three reactions being known to 
oceur only in chloroplasts. Chloride was not required, 
however, for the vitamin K pathway of cyclic photo- 
phosphorylation® which is the only type of photo- 
esas shared by bacterial particles and 
chloroplasts. Thus, in the absence of chloride, 
chloroplasts behaved like bacterial chromatophores ; 
they were able to carry out only the vitamin K 
pathway of cyclic photophosphorylation. 


Mechanisms of Cyclic Photophosphorylation 


If it is accepted that the vitamin IX pathway of 
cyclie photophosphorylation represents the simplest 
common denominator of photosy nthesis in green 
plants and bacteria, then a mechanism for this reaction 
— be expected to provide a basic pattern for the 

‘onversion of light into chemical energy. The salient 
fac ts which must be explained are that a ‘“‘high- 
energy” py? ophosphate bond is formed at the expense 
There is no need, a priori, 
to connect this reaction with either photolysis of 
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water or reduction of carbon dioxide. Cyclic photo- 
phosphorylation produces neither a reductant for 
carbon dioxide assimilation nor molecular oxygen ; 
the sole product is adenosine triphosphate. 

The formation of adenosine triphosphate is a 
familiar biochemical process in all living cells?’. 
It is commonly encountered in glycolysis and respira- 
tion, in which the formation of the high-energy 
pyrophosphate bond occurs at the expense of energy 
released during the transport of electrons (or hydro- 
gens) from an electron donor (substrate) to an electron 
acceptor. In respiration the ultimate electron 
acceptor is molecular oxygen through a series of 
reactions which result in the formation of water. 

The « iplest hypothesis to account for the forma- 
tion of adenosine triphosphate in cyclic photophos- 
phorylation is to assume that, as in the dark reactions 
of respiration, the formation of a pyrophosphate bond 
is also coupled with a release of energy during an 
electron transport process. However, there is a 
basic difference between the two in that the electron 
transport in cyclic photophosphorylation occurs 
within a “‘closed’’, cyclic system from which electrons 
are not removed, as they are in respiration when they 
are finally accepted by oxygen. In respiration the 
energy of a substrate has been consumed when it has 
donated its electrons to oxygen. In cyclic photo- 
phosphorylation the “energy substrate’? which is 
consumed is light. The mechanism by which this is 
accomplished must therefore provide for a recurrent 
addition of energy by light to the electrons travelling 
within the ‘closed circuit’? of cyclic photophos- 
phorylation, thereby raising them to a high energy- 
level. Phosphorylation would then occur at the 
expense of energy released during a ‘‘downhill” 
transport of the electron from a high to a low energy 
status in the course of its cyclic pathway. A —— 
matic representation of this concept is given in Fig. | 

These considerations lead to the following hypo- 
thesis for cyclic photophosphorylation. The primary 
photochemical reaction is visualized as being of the 
photo-oxidation type studied by G. N. Lewis®! and 
his school, in which a light-absorbing molecule, in 
this instance chlorophyll (attached to a_ protein 
component), becomes “excited” and acquires a 
tendency to expel an electron as well as a capacity 
to accept one as a replacement for the electron which 
is being expelled. The expelled electron is raised to 
a high-energy potential at the expense of the absorbed 
quantum of light energy. The proposed hypothesis 
suggests that the light energy acquired in this manner 
is transformed into chemica ul energy in the course of 
the “downhill” return of the electron to the chloro- 
phyll system via a series of enzyme systems which 
act as the “‘transformers’’ for converting light energy 
into chemical energy. These enzymatic transforma- 
tions constitute the energy conversion process in 
photosynthesis. 

Tho return of the electron restores the chlorophyll 
molecule to its ground-state, and the system is ready 
again to accept a light quantum and repeat the pro- 
cess. Chlorophyll can, of course, also be restored to 
the ground-state when the expelled electron returns 


directly without going through the enzymatic 
“energy transformer stations’; but in that case 


electron energy has not been converted into chemical 
energy and hence photosynthesis has not occurred. 
Instead, a light quantum is emitted and the charac- 
teristic fluorescence of chlorophyll is observed. 

The primary photochemical reaction, in which an 
a chlorophyll 


“excites” 


light 


absorbed 


quantum 
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Fig. 1. Proposed scheme for photosynthesis. 
which have been raised to a high energy-level. 


Chlorophyll, on absorbing a light quantum, becomes ‘excited’ and expels electrons 
In both green plants and photosynthetic bacteria the energy thus acquired from the 


absorbed light is converted into the pyrophosphate bond-energy of adenosine triphosphate (ATP) during the ‘downhill’ return of electrons 
to chlorophyll by a cyclic electron transport system ofthe vitamin K type. In green plantsthere isasecond cyclic electron transport system 
of the riboflavin phosphate (FMN) type for forming adenosine triphosphate and also an ‘open’, non-cyclic mechanism which transports 


electrons from chlorophyll to triphosphopyridine nucleotide (TPN). 
pyridine nucleotide are replaced by those donated to chlorophyll by OH~- ions, with a resulting evolution of oxygen. 
components are visualized in the electron transport chain of the cyclic and non-cyclic mechanisms. i 


In the non-cyclic mechanism the electrons accepted by triphospho- 


Cytochrome (cyt) 
Itis suggested that photosynthetic 


bacteria use light energy only for the formation of adenosine triphosphate by the vitamin K type of cyclic photophosphorylation. 
Green plants, however, require both the cyclic and non-cyclic electron transport systems for the formation of assimilatory power, that 


is, adenosine triphosphate and reduced triphosphopyridine nucleotide (TPNH,). 


These two substances are then used for assimilation 


of carbon dioxide to the level of sugar and starch in a series of dark reactions involving the regeneration of ribose-5-phosphate (R-5-P) 


and ribulose diphosphate (Ru-D-P). 


molecule and “expels” an electron is represented by 
equations 4 and 4a. The symbol (ChlIp)* is intended 
to denote that the chlorophyll molecule as it expels an 
electron becomes ready to accept another and in this 
way returns to a normal state (cf. “odd ion’’>?), 


Chip + hy ——> Chlp* (4) 
Chip* = (Chlip)+ + 


electron (4a) 

The observed cyclic photophosphorylation reactions 
of isolated chloroplasts and bacterial chromatophores 
are best explained by a hypothesis that the electron 
expelled in the primary photochemical reaction is 
restored to chlorophyll by one of two enzymatic 
pathways corresponding to the vitamin K and the 
riboflavin phosphate types of cyclic photophosphory- 
lation. The path of electrons in each of the two path- 
ways will now be traced separetely (cf. Fig. 1). 

In the vitamin K pathway, it is visualized that 
two electrons from reaction 4 (written below for 
schematic clarity as equation 4b) are transferred to 
an oxidized form of vitamin K, giving reduced vitamin 
K (equation 5). Reduced vitamin K is in turn 
oxidized by a cytochrome component (cyt), which 
may be different in green plants and photosynthetic 


Further details are given in the text 


bacteria but which is in both cases closely associated, 
with the photosynthetic apparatus (equation 6). 
The cytochrome reduced in reaction 6 donates 
electrons to the excited chlorophyll from reaction 4, 
in a “terminal” reaction (equation 7) which restores 
the chlorophyll to its normal ground-level and 
produces an oxidized cytochrome. It is visualized 
that phosphorylation is coupled with the oxidation 
of this terminal cytochrome component in a manne! 
analogous to the phosphorylations which accompany 


the oxidation of cytochromes by mitochondria*?. 

2 (Chip + hv) - 2 (Chip)+ +- 2 electrons (44 

Vit. Kox 2 electrons - Vit. Kyrea (5 

Vit. Kyrea 2 Fe**cyty > Vit.Kox + 2 Fe*+eyt, (6 
2 Fe*+cyty 2 (Chip)+ + ADP + H,PO, —~ 


2 Fe*+cyty 2 Chip + ATP (7 


Sum: ADP + H,;PO, + 2hvy—+ ATP (1) 

The sum of reactions 46, 5, 6 and 7 would result in 
a cyclic photophosphorylation as represented earlier 
by equation I, in which light is the “‘energy-substrate’ 


which is being consumed. 
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reaction 6, the oxidation of reduced vitamin K, is 
also coupled with phosphorylation, as was suggested 
by the model reactions proposed by Wessels‘, 
Harrison®? and Clark, Kirby and Todd*‘, thereby 
increasing the total number of phosphorylations which 
result from the cyclic transport of two electrons in 
the overall reaction 1. 

The proposed mechanism for the vitamin K path- 
way is regarded as the simplest pattern common to 
green plants and photosynthetic bacteria for con- 
verting light into a single form of chemical energy, 
an energy-rich pyrophosphate bond. All other 
energy conversion reactions in photosynthesis would 
therefore be expected to be modifications of this basic 
design. 

If this basic postulation is correct, it follows that 
cyclic photophosphorylation should be abolished 
if the electrons are prevented from completing the 
cvele by a transfer to an external electron acceptor. 
lo be convineing, such an experiment should be 
carried out with an electron acceptor which would 
be free from the suspicion that it prevented phos- 
phorylation by acting as an uncoupler, or in some 
toxic manner. 

An electron acceptor which fulfils these require- 
ments is ferricyanide. It does not uncouple or other- 
wise inhibit photophosphorylation since its reduction 
by illuminated chloroplasts is accompanied by a phos- 
phorylation (equation 3) of the non-cyclic typet??. 
Moreover, as shown by Jagendorf®® and confirmed in 
this laboratory, ferricyanide has a great affinity for 
electrons released during the illumination of chloro- 
plasts. Ferricyanide added to a vitamin K_ or 
phenazine methosulphate system becomes reduced 
and cyclic photophosphorylation is replaced by the 
non-eyclie type until all the ferricyanide has reacted. 

As was mentioned earlier, the non-cyclic photo- 
phosphorylation with ferricyanide (equation 3) 
requires chloride*. In the absence of chloride, ferri- 
cyanide would still accept electrons from the illumin- 
ated chloroplast system, but non-cyclic photo- 
phosphorylation could not occur. Thus by adding 
ferricyanide, in the absence of chloride, to a cyclic 
system of the vitamin K type which is independent of 
chloride, cyclic photophosphorylation should be 
inhibited if the proposed hypothesis is correct. The 
cyelie transport of electrons in the closed circuit 
would be interrupted since the electrons would 
he removed from the system and used in the reduction 
of ferricyanide. 

Table 2 shows that this theoretical prediction has 
been experimentally verified. The addition of ferri- 
cyanide abolished cyclic photophosphorylation both 
in chloroplasts* and in chromatophores’. Adding this 
ion in its reduced form, as ferrocyanide, was without 
effect. The reduction of ferricyanide with ascorbate 
cither prior to or during illumination of the photo- 
ynthetic particles restored in full their capacity for 
cyclie photophosphorylation. The conclusion seemed 
justified, therefore, that the inhibitory effect of ferri- 
cyanide resulted from the capture, by this ion in its 
oxidized form, of electrons which would have normally 
travelled the cyclic electron transport route (Fig. 1). 
This conclusion was strengthened by the finding 
that the inhibition was produced by very low con- 
centrations of ferricyanide. This would be expected 
if, as demanded by the hypothesis, the capture of 
electrons from the cyclic system left its catalytic 
components in an oxidized form. 

The riboflavin phosphate type of cyclic photo- 
phosphorylation is visualized as a modification of the 
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INFLUENCE OF CHLORIDE ON FERRICYANIDE INHIBITION OF 
PHOTOPHOSPHORYLATION BY SPINACH CHLOROPLASTS AND 
BACTERIAL CHROMATOPHORES (Chromatium) (refs. 6, 7) 

(umoles phosphate esterified in 30 min.) 


Table 2. 
CYCLIC 


Chloroplasts Chromatophores 
Treatment —chloride +chloride chloride +chloride 

Control 9-2 9°8 4-9 5:1 
Ferricyanide 

1 umole 0-5 9-1 0-4 0°3 

2 umoles 0-5 8:8 0-5 0-5 

3 umoles 0-5 8:7 O-4 0-4 
Ferricyanide, 

5 umoles, reduced 

by ascorbate* 72 7°8 6:2 6°38 
Ferrocyanide, 

5 umoles 9-4 9:7 5-4 §°1 


* Sodium ascorbate (5 umoles) was tipped in from a sidearm 15 min. 
after the beginning of the experiment, and illumination was then 
continued for 30 min. 

In the chloroplast series the reaction mixture was the same as im 
the phenazine methosulphate treatment described in Table 1 except 
that 0-25 mgm. chlorophyll was used. In the chromatophore series 
(ref. 7) the reaction mixture (final volume, 3 mJ.) contained dialysed 
Chromatium chromatophores (0:23 mgm. bacteriochlorophyll) and 
dialysed extract, and the following in wmoles: (¢ris(hydroxymethyl)- 
aminomethane, pH 7:8, 80; adenosine diphosphate, 10; labelled 
potassium phosphate, pH 7-8, 10; magnesium sulphate, 5; vit. Ks, 
0-3; and phenazine methosulphate, 0-1. The ‘plus chloride’ treat- 
ments received 10 uwmoles potassium chloride. Special additions as 
indicated. Other experimental conditions as described in Table 1. 





vitamin K type. The electron expelled by light from 
chlorophyll in reaction 4 is also returned by a 
cyclic pathway but one which includes triphospho- 
pyridine nucleotide and a second cytochrome com- 
ponent (Fig. 1), in accordance with equations 8, 9, 
10 and 11. The riboflavin phosphate (FMN) pathway 
is completed when the reduced terminal cytochrome 
component (cyt) formed in reaction 11 reacts with 
chlorophyll through reaction 7, as in the vitamin K 
pathway. 


2 (Chip + hv) ——> 2 (ChIp)+ + 2 electrons (4b) 
reductase 

TPNox + 2 electrons ———— TPNrea (8) 

TPNrea + FMNox > TPNox + FMNrea (9) 


FMNrea + 2 Fe*+cytry - FMNox + 2 Fe*eyty, (10) 


Ci 


2 Fe*+cytiy + 2 Fe*+cyty - 2 Fe*cytiy + 


2 Fe*+cyty (11) 

2 Fe*cyty 2 (Chlp)+ + ADP + H,PO, ——~ 
2 Fe*cyt 2 ChIp + ATP (7) 
Sum: ADP + H,PO, + 2hv—~> ATP (1) 


The sum of reactions 4b, 8, 9, 10, 11 and 7 would 
also bring about a cyclic photophosphorylation as 
represented by equation 1. According to this formula- 
tion the riboflavin phosphate pathway shares with 
the vitamin K pathway the primary photochemical 
reaction (equation 4) and the same site for phosphory- 
lation (equation 7). By analogy with oxidative 
phosphorylation in mitochondria®*, the riboflavin 
phosphate pathway in chloroplasts might also result 
in additional phosphorylations coupled with reactions 
9 and 10, resulting in more than one pyrophosphate 
bond formed per two electrons. 

It is postulated that reduced riboflavin phosphate 
cannot reduce directly the terminal cytochrome 
component needed in reaction 7 (cyt1) but ean do so 
only through the intermediary of a second cytochrome 
component (cytij) as shown in reaction 10. This 


postulation is necessary, since the riboflavin phosphate 
pathway is dependent on chloride, and, on present 
evidence’, the effect of chloride can best be explained 
by assigning to this ion a catalytic function in a 
portion of a eytochrome electron transport. chain 
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which is represented by equation 11. The riboflavin 
phosphate pathway would also depend on the special 
reductase needed for the reduction of triphospho- 
pyridine nucleotide*.5*, 


Carbon Dioxide Reduction and Oxygen 
Evolution 


Cyclic photophosphorylation provides the same 
basic mechanism for forming adenosine triphosphate 
at the expense of light energy for both green plants 
and photosynthetic bacteria. But cyclic photo- 
phosphorylation cannot, by itself, result in carbon 
dioxide reduction—it does not supply the necessary 
reductant. Moreover, the proposed mechanism for 
cyclic photophosphorylation makes no provision for 
the most distinctive feature of photosynthesis in 
green plants, the evolution of oxygen—a feature which 
distinguishes sharply between photosynthesis in 
green plants and in photosynthetic bacteria, where 
oxygen evolution does not occur. 

In developing a general hypothesis for photo- 
synthesis to embrance both green plants and photo- 
synthetic bacteria there is a choice between two 
alternatives. One can, as van Niel did®, postulate 
that the basic similarity between these two types of 
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of oxygen. According to the present hypothesis 
an external hydrogen donor is needed in bacterial 
photosynthesis to supply hydrogens (probably via 
pyridine nucleotides) for carbon dioxide reduction. 
In this view what is common to both types of photo- 
synthesis is a mechanism for formation of adenosine 
triphosphate by a photochemical reaction; what 
is different is the manner of supplying the reductant 
for carbon assimilation. Oxygen evolution by green 
plants becomes merely a consequence of the special 
way in which they form reduced triphosphopyridine 
nucleotide in light. 

Recent experiments of Ogata et al.? support the 
proposal that in photosynthetic bacteria the external 
hydrogen donor reduces pyridine nucleotides inde- 
pendently of light. Chromatophores isolated from 
Chromatium cells, grown with either thiosulphate or 
hydrogen gas as the external hydrogen donor, were 
found’ to contain an active hydrogenase, capable of 
reducing pyridine nucleotides with molecular hydro- 
gen in the dark. On the basis of present evidence, the 
similarities and differences in photosynthesis of green 
plants and bacteria (represented here, for the sake of 
simplicity, by Chromatium grown with hydrogen gas 
as the external hydrogen donor) can be summarized 
as follows : 


PHOTOSYNTHESIS 


GREEN PLANTS 





Cyclic photophosphorylation : 
ADP + P—~— ATP 


Non-cyclic photophosphorylation : 


2TPN + 2H,*O + Z2ADP + 2P—— 


2TPNH, + *O, + 2ATP 


Carbon assimilation : 
10, + 2TPNH, + n-ATP —— 


(CH.O) + H.O + 2TPN + n-ADP + n-P 


LIGHT PHASE 
| 


DARK PHASE 





: light 
CO, + 2H,*0 ———-- (CH,O) + *O, + H,O 


photosynthesis is the common photochemical origin 
of a reductant for carbon dioxide and the precursor 
for molecular oxygen. Van Niel proposed that the 
light reaction in both groups of organisms is a photo- 
lysis of water which results in the formation of a 
reduced and oxidized moiety, (H) and (OH). To 
account for the lack of oxygen evolution in bacterial 
photosynthesis van Niel pointed to the well-estab- 
lished requirement of this process for an external 
hydrogen donor. The external hydrogen donor was, 
in his postulation, required for reducing the (OH) 
back to water, and in this manner keeping the photo- 
synthetic apparatus in bacteria functioning?®. 

With the recognition of cyclic photophosphoryla- 
tion as a process common to photosynthesis in green 
plants and photosynthetic bacteria, an alternative 
hypothesis is now possible which omits photolysis of 
water as the common photochemical reaction in 
photosynthesis. The alternative hypothesis proposed 
here considers oxygen evolution in green plants to 
result not from a photolysis of water but from an 
open” non-cyclic electron transport mechanism 
which is peculiar to green plants. In photosynthetic 
bacteria a precursor of oxygen would not be formed, 
and hence there would be no need to postulate 
that the function of the external hydrogen donor 
in bacterial photosynthesis is to reduce a precursor 


“cc 


Cyclic photophosphorylation : 
ADP + P—— ATP 


Pyridine nucleotide reduction : 
2PN + 2H, —— 2PNH, 
Carbon assimilation : 
‘0. + 2PNH, 

(CH,O) 4 


+ n-ATP —-> 


H.O + 2PN + -ADP + n-P 


sum: ‘light 
CO, + 2H, ——~ (CH,0O) + H,0 


The non-cyclic electron transport process which, in 
photosynthesis of green plants, results in a light- 
dependent reduction of triphosphopyridine nucleo- 
tide, evolution of oxygen, and the formation of 
adenosine triphosphate is visualized as shown in 
Fig. 1. This process shares with cyclic photophos- 
phorylation the primary photochemical reaction 
(equation 4) and the phosphorylating site (equation 
7). It differs from the cyclic pathway in that the 
electron expelled in reaction 4 does not return to the 
chlorophyll molecule but is removed from the eyclic 
pathway by triphosphopyridine nucleotide, and used 
(along with the accompanying proton) either for the 
reduction of carbon dioxide and the formation of 
carbohydrates during normal photosynthesis, or, 
under special conditions, for the production and 
accumulation of reduced triphosphopyridine nucleo- 
tide (equation 2). 

To keep the chlorophyll system functional the 
electrons removed by non-cyclic transport must be 
continuously replenished. It is suggested that. this 
is accomplished by an interaction between hydroxy! 
ions (or water) and a cytochrome component peculiar 
to the photosynthetic apparatus of green plants but 
absent in photosynthetic bacteria. This reaction, 


represented by equation 14, is visualized as being 
possibly an ‘anode’-type dark reaction, in which 
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_OH- ions yield molecular oxygen and donate electrons, 
'via a cytochrome chain (equations 14, 11, 7), to 
‘chlorophyll, where they are raised, at the expense of 


}required in photosynthesis. 


absorbed light energy, to the reducing potential 
The protons (equation 
12) are donated to triphosphopyridine nucleotide as 


‘it is reduced (equation 13) and, in combination with 


‘formation of carbohydrates. 


electrons, provide the hydrogen atoms used in the 
A corollary of the 


/ scheme is that water, though not undergoing photo- 


lvsis, is still the source of the oxygen evolved in 
photosynthesis by green plants. 

The reactions leading to oxygen evolution appear 
to be thermodynamically feasible, since the energy 
contribution of one einstein of red light, about 
13 keal., is equivalent to a potential of 1-9 V. per 
faraday. This is more than sufficient to carry out 
the half reaction, 2H,O0 — O, + 4H*+ + 4e, which at 
25° and pH 7 has E’, = 0-815 V. per faraday. 

The sum of reactions 4b, 12, 13, 14, 11 and 7 would, 
as shown below, result in the non-cyclic type of 
»hotophosphorylation (equation 2). 





2 (Chip + hv) ——> 2 (Chlp)+ + 2 electrons (4b) 
2H,O —— 2 H+ + 2 OH- (12) 
reductase 
TPNox + 2 H+ + 2 electrons —————- TPNH, (13) 
2 OH- + 2 Fe*+cytyy > 2 Fe*+cytyy + 
1/20, + H,O (14) 
Cl- 
2 Fe*+cytyr + 2 Fe*+cyt; ——> 2 Fe* cyty + 
2 Fe*+cyty (11) 
2 Fe*eyty + (Chip)+ + ADP + H,;PO,— 
2 Fe*+cyt; + 2 Chip + ATP (7) 
Sum: TPN + 2H,O + ADP + H,PO, + 2 hv —~ 
TPNH, + 1/20, + ATP + H,O (2) 


The non-cyclic photophosphorylation (equation 3) 
coupled with the reduction of ferricyanide (repre- 
sented here by Fe**) is regarded as a variant of the 
triphosphopyridine scheme in which reaction 13 
has been replaced by reaction 15. 


(15) 


The sum of reactions 4b, 15, 12, 14, il and 7 would 
then result in the non-cyclie photophosphorylation 
represented by equation 3. 

Ferricyanide was already used (Table 2) to demon- 
strate that, without chloride, chloroplasts behaved 
like chromatophores. Ferricyanide was also used in 
the presence of chloride (Table 2) to show that the 
non-cyclic electron transport system is absent in 
bacterial photosynthesis. When chloride was added 
to the reaction mixture the inhibition of cyclic photo- 
phosphorylation by ferricyanide was overcome in the 
case of chloroplasts but not of chromatophores. This 
would be expected if the chloroplasts were able to 
complete the non-cyclic electron transport system vie. 
reactions 14 and 11 resulting in oxygen evolution. 
Oxygen evolution would proceed until all the ferri- 
yanide was reduced, at which time the inhibition of 
cvelie photophosphorylation would disappear. In 
he case of chromatophores the addition of chloride 
vould not overcome the ferricyanide inhibition of 


2 Fe®+ + 2 electrons ——> 2 Fe?+ 


yelic photophosphorylation since the bacterial 
ystem cannot carry out the non-cyclic electron 
ransport in which ferricyanide is reduced and 


xygen is released. 
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Cytochromes in Photosynthetic Cells 


The proposed hypothesis assigns an important role 
in the photosynthetic process to cytochromes. This 
is based on extensive research in other laboratories. 
Hill, Scarisbrick and Davenport*7-® found that the 
hematin content of leaves is much higher than that 
of other plant tissue. They found that a new cyto- 
chrome component, f, was found only in green tissues, 
and, as shown by Davenport*’, was confined to chloro- 
plasts. Hill®*® has also identified another cytochrome 
characteristic of chloroplasts, cytochrome b,. Elsden, 
Kamen, Vernon and Newton*!-* isolated character- 
istic cytochrome components, one of which resembles 
cytochrome c, from photosynthetic bacteria of both 
the facultative and the strictly anaerobic photo- 
autotrophic type. 

Another basic premise of the proposed theory is 
that the cytochromes active in the photosynthetic 
apparatus become predominantly oxidized on illum- 
ination (cf. equation 7). This is necessary for photo- 
synthetic phosphorylation, but, in the case of green 
plants, also for oxygen evolution. It is the pre- 
dominantly oxidized state of cytochromes which is 
considered to provide the requisite positive potential 
on which the evolution of oxygen from OH- ions 
would depend. Evidence from several laboratories 
indicates that oxidation of cytochromes promptly 
follows the illumination of photosynthetic pigments. 
Lundegardh® found that on illumination of Chlorella 
cells, leaves or leaf homogenates, cytochrome f becomes 
predominantly oxidized. The oxidation of cyto- 
chrome components of alg and _ photosynthetic 
bacteria following illumination, was reported by 
Duysens®*, Chance and Sager*’, Chance and Smith®, 
Olson and Chance®? and Smith and Ramirez”. 
Of interest in this connexion is also the report of 
Nieman and Vennesland! on the presence of a cyto- 
chrome photo-oxidase in chloroplasts. 

It appears that despite variation in methods and 
experimental materials the evidence from different 
laboratories supports the principal conclusion that 
oxidation of cytochrome components follows illumina- 
tion of photosynthetic cells. Although it is premature 
at this time to equate the cytochrome reactions 
postulated here with known cytochrome components 
or to assume that the complete photosynthetic cyto- 
chrome chain is already known, it seems likely that 
the cytochromes already found to be specific to 
chloroplasts and photosynthetic bacteria will prove 
to be involved in the postulated reactions or their 
equivalents. 


Cyclic Photophosphorylation and Carbon Dioxide 
Assimilation in Green Plants 


In developing the theme that cyclic photophos- 
phorylation is a mechanism shared by all photosynthe- 
tic cells it was implied, but not proved, that in carbon 
dioxide assimilation, green plants, like photosynthetic 
bacteria, still depend on this mechanism for adenosine 
triphosphate formation although they have evolved 
the non-cyclic type (reaction 2) of photophosphoryla- 
tion which is peculiar to them. Stated in other terms, 
it was implied that adenosine triphosphate formed by 
reaction 2 alone is insufficient for the assimilation of 
carbon dioxide to the level of carbohydrate. 

Experimental evidence for the participation of 
cyclic photophosphorylation in carbon dioxide 
assimilation by chloroplasts had to be sought in a 
system different from the one described before? 








T231-9 
30°L 


c no FMN added 


PHOSPHOGLY CERATE 


BUTANOL/ACETIC ACID/ WATER —————-————» 


Fig. 2. 


in which reduced triphosphopyri- 
dine nucleotide and adenosine tri- 
phosphate were first generated in 
substrate amounts by 
reaction 2, and then used later for 
the assimilation of carbon dioxide 
in the dark. Here reduced tri- 
phosphopyridine nucleotide and 
adenosine triphosphate were already 
supplied in excess and a _ second 
reaction for generating adenosine 
triphosphate would be superfluous. 
However, evidence for the par- 
ticipation of cyclic phosphorylation 
in carbon dioxide assimilation by 
isolated chloroplasts was recently 
obtained by Trebst ef al.’.?4 in a 
catalytic system, that is, one in 
which, as in an intact cell, reduced 
triphosphopyridine nucleotide and 
adenosine triphosphate were present 
in catalytic amounts and = carbon 
dioxide fixation was therefore poss- 
ible only in the light while reduced 
triphosphopyridine nucleotide and 
adenosine triphosphate were being 
continuously regenerated at the 
expense of absorbed light 
energy. 

Carbon dioxide assimilation in 
this catalytic system was inves- 
tigated, under three conditions : 


(a) when the photochemical phase 
was limited to non-cyclic photo- 
phosphorylation reaction (reaction 
2); (b) when the photochemical 


means of 
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Radio-autograph of a chromatogram showing products of photosynthetic “CO, 
assimilation by illuminated chloroplasts in the absence of added riboflavin phosphate 
(ef. refs. 8, 24 
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phase was limited to cyclic photo- 
phosphorylation (reaction 1); and 
(c) when the photochemical phase 
included both reactions 1 and 2. 
Figs. 2 and 3 show that under 
conditions (a) and (b) carbon di- 
oxide: assimilation was limited al- 
most entirely to the formation 
of phosphoglycerate. As shown 
in Fig. 4, the formation of sugar 
phosphates, which is taken as a 
measure of a reductive (photo- 
synthetic) carbon dioxide assim- 
ilation in this reconstituted chloro- 
plast system, was observed only 
in case (c) when a proper balance 
was established between the non- 
cyclic photophosphorylation — re- 
action (equation 2) and_ cyclic 
photophosphorylation (equation 1). 
In the experiments illustrated 
by Figs. 2, 3 and 4 the balance 
between the non-cyclic and cyclic 
photophosphorylation was  main- 
tained by adding different amounts 
of one of the catalysts of cyclic 
photophosphorylation, — riboflavin 
phosphate, vitamin K_ or phen- 
azine methosulphate. Concordant 
results were also obtained by 
Trebst et al.8 with inhibitor ex- 
periments. For example, using 
the uncoupling effect of ammonia*’ 
on both cyclic and non-eyelic 


PHE NOL / WATER ——————_——> 


Radio-autograph of a chromatogram showing products of photosynthetic CO, 
assimilation by illuminated chloroplasts supplied with 0:5 mmole riboflavin phosphate 


(cf. refs. 8, 24) 
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- thereafter, Emerson, Stauffer and 
Umbreit74 proposed that the ‘‘sole 
function of light energy in photo- 


synthesis is the formation of 
‘energy-rich’ phosphate bonds’’. 


They included in this generaliza- 
tion both green plants and photo- 
synthetic bacteria, and made no 
provision for a photochemical gen- 
eration of a reductant for carbon 


‘ 
| dioxide assimilation by — green 
plants. But the main reason 
| why their proposal has met with 
u little acceptance in the ensuing 
. years was the lack of substantial 
e experimental evidence in their ex- 
3 DIIYOROXY ACE TONE periments with Chlorella (cf. refs. 
z PHOSPHOGLYCERATE 75, 76) for participation of phos- 
r * phorus in photosynthesis. 
cs . With respect to cytochromes, 
3 MONOPHOSPHATES Davenport and _ Hill®® suggested 
- (GUJCOSE , FRUCTOSE) that the primary photochemical 
= process in photosynthesis is the 
reduction of 4 molecules of oxi- 
DIPHOSPHATES dized cytochrome f by one quantum 
(FRUCTOSE, RIBULOSE ) of light which transfers 4 electrons 


PHENOL / ——————— 


Fig. 4. 


(ef. refs. 8, 24) 


photophosphorylation it was possible to suppress the 
formation of adenosine triphosphate by illuminated 
chloroplasts (reactions 1 and 2) without inhibiting 
the reduction of triphosphopyridine nucleotide in 
reaction 2. Under these conditions. carbon dioxide 
fixation was completely abolished except when the 
“acceptor”? substance for carbon dioxide was ribulose 
diphosphate. In that case a single product, phospho- 
glveerie acid, was formed by the carboxylase reaction 
(cf. review ref. 72), which does not depend on added 
adenosine triphosphate; but in the absence 
adenosine triphosphate, the phosphoglyceric acid 
was not reduced by the reduced triphosphopyridine 
nucleotide. 

Parallel experiments of Losada et al.° on specific 
enzyme systems in chloroplasts fortified these lines 
of evidence and supported the conclusion, that in a 
reconstituted ‘‘catalytic’’ chloroplast system = (in 
which carbon dioxide assimilation can occur only in 
light) non-cyclie photophosphorylation alone 
(reaction 2) does not provide sufficient adenosine 
triphosphate for a reductive assimilation of carbon 
dioxide to the level of carbohydrate. Additional 
adenosine triphosphate must be supplied by cyclic 
photophosphorylation (equation 2). 


the 


General Comments 


Modified elements of the proposed 
have been considered by other authors (cf. review 
ef. 21). The first comprehensive theoretical proposal 
for a role of adenosine triphosphate in photosynthesis, 
vithin thefframework of the photolysis of water hypo- 
hesis was formulated by Ruben’*® in 1943. Shortly 


hypothesis 


Radio-autograph of a chromatogram showing products of photosynthetic “CO, 
issimilation by illuminated chloroplasts supplied with 0-001 umole ribofiavin phosphate 


of 


in a reaction resulting in a decom- 
position of water to give molecular 


oxygen. They envisaged, then, 
a dismutation type of reaction, 
in which half the reduced cyto- 


chrome is re-oxidized by oxygen 
to provide additional energy needed 
to produce another cytochrome 
with a more reducing potential. 
A series of such energy dismuta- 
tions would, they envisaged, 
finally result in the production of a reductant 
with a potential low enough for carbon dioxide 
assimilation. 

Kamen” has suggested that “‘the splitting of water 
as such may not be involved in the initial light reaction 
but can occur instead as a result of the transfer and 
storage of energy during dark back-oxidations’’. 
He ‘proposed that “‘single quantum events mediate 
the production of adenosine triphosphate and other 
high energy compounds” and that “‘the evolution of 
oxygen [occurs] as a result of the gradual accumula- 
tion of a store of oxidized material. In the case of 
bacteria, the oxidants are removed by reaction with 
exogenous H donors’’. 

The hypothesis proposed here rules out the formu- 
lation of oxygen precursors in bacterial photosynthesis 
and assigns to the exogenous hydrogen donors the role 
of carbon dioxide reductants. But the reduction of 
carbon dioxide also requires adenosine triphosphate, 
and what distinguishes photosynthetic from non- 
photosynthetic bacteria is the ability to form 
adenosine triphosphate at the expense of light energy 
by cyclic photophosphorylation. In the case of 
facultative photoautotrophs, such as the purple 
bacteria, “light and oxygen are interchangeable’’>. 
This is now interpreted as meaning that these 
organisms use the same carbon dioxide reductants in 
light and in dark, but have two ways for forming 
adenosine triphosphate: either anaerobically in the 
light or aerobically in the dark. 

The capacity to transform light energy absorbed 
by chlorophyll into pyrophosphate bond energy, 
rather than the photochemical formation of a carbon 
dioxide reductant, is regarded as the common de- 


as 
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nominator of photosynthetic metabolism in bacteria 
and in green plants. Reasons were given elsewhere 
for considering cyclic photophosphorylation, in the 
time scale of biochemical evolution, as a “primitive” 
type of photosynthesis which preceded that now 
found in green plants. 

Viewed in this light, green plants appear to have 
acquired an “open”, non-cyclic typo of electron 
transport for reducing triphosphopyridine nucleotide 
by a photochemical reaction (equation 2) while 
retaining cyclic photophosphorylation common to 
green plants and photosynthetic bacteria. This 
departure from the “primitive” photosynthetic pattern 
was made by the evolution of suitable 
enzymes such as the light-dependent triphospho- 
pyridine nucleotide reductase, and a chlorido- 
dependent cytochrome system, one momber of which 
is assumed to be capable of evolving oxygen from 
water. With regard to the role of chloride in photo- 
synthetic reactions, it is of interest that Arisz7* and 
Van Lookeren Campagne?® have found a_ light- 
dependent. chloride absorption in Vallisneria leaves. 

The main features of the proposed hypothesis 
explain and reconcile the observed photochemical 
reactions in green plants and photosynthetic bacteria 
as they are now known ; but it is expected that other 
aspects of the hypothesis will be modified and ampli- 
fied as new facts become known. Despite the basic 
similarity between cyclic photophosphorylation in 
green plants and photosynthetic bacteria it is possible 
that the detailed mechanism of this process may be 
different in the highly aerobic cellular environment 
of green plants from that in the strictly anaerobic 
environment of photosynthetic bacteria. ‘The uncer- 
tainty as to tho rolo of ascorbate (cf. ref. 26, 80) is 
another aspect which must await further clarification, 
It is also now difficult to explain satisfactorily why, 
in view of the large concentration of vitamin Kin 
chloroplasts (cf. reviews, refs. 24, 26), additions of 
catalytic amounts of this substance would still be 
necessary for cyclic photophosphorylation, unless 
it is assumed that endogenous vitamin K_ performs 
another function in chloroplasts**, conceivably, by 
acting in the chloride-dependent electron transport 
chain. On the other hand, the effect of phenazine 
methosulphate — is with the postulated 
participation of cytochromes in this process. Singer 
and Kearney*! have shown that succinic dehydro- 
genase as well as ‘‘other eytochrome reducing dehy- 
drogenases” react faster with phonazine than with 
any other known hydrogen acceptor. 

Different aspects of photosynthesis received recog- 
nition in successive periods of its history. ‘To 
discovorers, Priestley and Ingen-Housz, photosynthe- 
sis seemed at first a cosmic device for correcting bad 
air by generating oxygen (dephlogisticated air). 
For a long period afterwards research in photosynthe- 
sis was dominated by the conviction, later shown to 
carbon dioxide assimilation was 
peculiar to photosynthesis. Finally, photolysis of 
water, as manifested by evolution of oxygen by green 
plants, came to be regarded as the basic photochemi- 
cal reaction in’ photosynthesis. Now it appears 
that the main feat of photosynthesis, the conversion 
of light chemical energy, is, fundamentally, 
even in plants, linked with 
phosphorus than with carbon assimilation. In green 
plants but not in photosynthetic bacteria this energy- 
conversion process, geared to phosphorus metabolism, 
is accompanied by the formation of a carbon dioxide 
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OBITUARIES 


Sir William Larke, K.B.E. 


Sin WitttAmM JAMES LArRKE, who diod on April 29, 
three days after his cighty-fourth birthday, deserves 
honourable remembrance among scientists for his 
powerful advocacy of scientific research in the ser- 

co of industry. Born in 1875, educated at Colfe’s 
School, and trained as an engineer with H. F. Joel 
and Co., Finsbury, and Siemens Brothers at Wool- 

ch, Larke was engineer and manager of the British 

Company’s and mining 
1899 until 1912, when he beeame 
During the First World War he 


‘Thomson-Houston power 


department from 


executive engineer. 


erved with tho Ministry of Aitions and was 
pointed director-gonoral of raw .naterials in 1919. 


In 1922 Larke accepted an ivvitation to become 
direetor of the National Federation of Iron and Steel 
Manufacturers and it was that) he found his 
first experience of organizing co-operative research 
for an entire industry. The result was the establish- 
ment of the Tron and Steel Industrial Research 
Couneil, of which Sir William was the chairman from 
1938 until 1945, and ultimately of the British Tron and 
Steel Research Association, which now carries on the 


here 


work. 

Sir Charles Goodeve, director of the British Tron 
and Steel Research Association, writes : “SB LS.R.A, 

now the largest of the research associations and. it 
inay not bo generally appreciated that its prodecessor 
operated on a small scalo with a headquarters staff 
of about fifteen acting as the technical department 
of the British Tron and Steol Foderation, © Under 
the guidanee of Larko and the head of the British 
lron and Steel Federation Technical Department, 
the late Mr. Kk. C. Evans, a substantial and offective 
research programme was carried out with a very 
modest budget, and few can have excolled Larke and 
vans in their ability to stretch available funds to 
the utmost. Thoy had no laboratories of their own 
und much of the was carried out by 
works personnel or in institutions under 
e gonoral direction of committees serviced by the 
inall central staff. But this staff also did practical 
work themselves, and the goodwill built up by Larke 
in steel companies and in university laboratories 
ineant that facilities were readily provided. Between 
1924 and 1939 studies of the performance of blast 
furnaces, open hearth furnaces and rolling mills were 
carried out and several of the fundamental principles 
voverning efficiency were determined. Many of the 


programme 
academic 


1 


methods used were basically similar to those which 
are now known as operational research”. 


Sir William was sixty when, in 1935, the inter- 


national symposium on welding organized by the 
Iron and Steel Institute convineed him of the 


importance of the now processes for the joining of 
metals and of the need for an effective programme 
of fundamental research in this field. He was then 
a member of the advisory council to the Committee 
of the Privy Council for Scientific and Industrial 
Research, and with characteristic energy set himself 
to reorganize tho Institution of Welding [Engineers 
and to secure for it the support of such eminent 
engineers as the late Sir Alexander Gibb, and from 
the Department of Seientifie and Industrial Research 
and industry the financial backing necessary for a 
co-operative research organization in welding. From 
the Institute of Welding’s Welding Research Couneil, 
of which Larko was chairman from its formation in 
1936, came research results of great value in the war- 
offort of 1939-46, and out of it the present British 
Welding Research Association was formed in 1946. 

A leader of research rather than a 
scientist, Larke inspired both affection and respect 


scientific 


in those who worked with him, and the impress of 
his critical and constructive mind remains in many 
institutions in the field of engineering and metallurgy. 
Ho was exceptional in his readiness to weleome new 
ideas late in life, retaining to the end a lively and 
informed intorest in the institutions to which he had 
given so much, where a generation now in sight of 
the kindly 

standards of 


retirement remembers wisdom of his 
advices and the high efficiency and 
service which he set them as their goal, 


(Guy PARSLOE 


Prof. William Moffitt 


On December 19, 1958, William Moffitt, associate 
professor of chomistry in Harvard University, died 
suddenly of a heart attack at the age of thirty-three 
in Cambridge, Massachusetts. Thus ended a brilliant 
career which already had a great impact on his chosen 
field of theoretical chemistry and seemed destined 
to go on to even higher levels of achievement. 

Moffitt was born on November 9, 1925, in Berlin. 
His father, a British citizen, was in Gormany on a 
government mission. Moffitt’s early schooling was 
by private tutoring, but at the age of eleven he became 
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a pupil at the Harrow County Boys’ School. He 
proceeded to a first-class honours degree in chemistry 
at New College, Oxford (1946). Two years of research 
at Oxford led to a D.Phil. in 1948 and a position with 
the British Rubber Producers’ Research Association 
at Welwyn, where he enjoyed great freedom to follow 
his chosen lines of inquiry. In 1953, he went to 


the United States to become assistant professor of 


chemistry at Harvard. Only two years later, he was 
appointed associate professor, one of the youngest 
to receive this rank. 

In 1956, he married Dorothy Silberman of Cam- 
bridge, Massachusetts ; their daughter Alison was 
born in July 1958. 

Moffitt’s papers all deal with the application of 
quantum mechanics to the problem of the electronic 
energies of molecules and related optical properties. 
His earlier publications were prepared at Oxford, 
where he studied under Prof. C. A. Coulson, with 
whom he collaborated in a number of applications of 
molecular orbital theory. A noteworthy product of 
this collaboration was the introduction of the idea of 
‘bent bonds’; that is, chemical bonds formed from 
overlapping atomic orbitals not directed along the 
line joining the two bonded atoms. 

After leaving Oxford, Moffitt continued to publish 
applications of current methods but was struck with 
their inadequate quantitative accuracy. He was 
thereby led to make perhaps his best-known contribu- 
tion, that of the method of ‘atoms in molecules’. He 
reasoned that one of the causes of the poor results 
then being obtained in calculations of chemical 
binding energies was that these rather small energies 
came out as the difference of two huge energies—the 
total electronic energies of the molecule and of its 
separated atoms. Consequently, he worked out a 
procedure by which the interaction between the 
atoms was treated as a perturbation and its effects 
separated from the internal energies of the atoms 
themselves. The latter were obtained from accurate 
spectroscopic data on free atoms. 

At Harvard, he continued his interest in the 
theoretical elucidation of the ultra-violet spectra of 
large conjugated molecules. One contribution was a 
refinement of the free-electron perimeter model, 
particularly elegant because of the simplicity of its 
starting point and the number of experimental 
observations which it correlates. It has been stated 
that his work in the spectra of aromatic molecules 
is comparable in this field “‘to the importance of the 
complete theory of the Zeeman effect in interpreting 
atomic spectra’’. 

In addition to his earlier interests, Moffitt charac- 
teristically took full advantage of his new scientific 
environment. Thus, part of the reason for his entry 
into the field of optical activity was provided by his 
interest in the research going on in the Harvard 
Laboratories concerning helical macromolecules and 
sterols. A major effort was begun which continued 
to the time of his death and which, though unfinished, 
helped to provide structural chemistry with a new 
tool. Moffitt’s theoretical analysis of the problem of 
the optical activity of helical polypeptides, metal co- 
ordination compounds, and large ketones guided him 
to an appreciation of the importance of the circular 
dichroism and the properties of the absorption bands 
which are responsible for the optical activity. He 
demonstrated that such bands could be characterized 
by parameters, extractable from the rotatory disper- 
sion data, which are sensitive to the nature of the 


asymmetrical environment of the chromophoric 
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group involved in the transition. It is this structural 


sensitivity which promises to be so useful to the” 


organic chemist. 


This work was a fitting and logical application of 7 


the knowledge, skills and experience which Moffitt 
had acquired earlier. He was thoroughly conversant 
with the techniques of the theoretical physicist, 
accomplished in the application of advanced mathe. 
matical methods, and at the same time learned in a 
remarkably wide range of chemistry. 

Another area in which he was continuing was the 
interaction of electronic and nuclear motions, especi- 
ally in the John-Teller effect. This has to do with 
the instability of nuclear configurations which would 
lead to degenerate electronic energy-levels. 

Few men had as great an impact at so early an 
age. The reasons are clear. Few have been endowed 
with such a sparkling, quick and keen intelligence, 
with such a capacity for spending long hours in the 
thorough study of fundamental subjects, with such 
high standards ; and finally, but by no means least, 
with such a warm, outgoing, and appealing person- 
ality. Moffitt had tremendous innate assets and he 
used them fully and efficiently. His intellectual 


powers were not only applied to the solution of 


problems but perhaps even more to their wise selec- 
tion. He avoided areas where only formal solutions 
were attainable, with no contact with experience. 
Moffitt’s quickness of mind was obvious to all, as 
was his interest and devotion to science. Perhaps 
not so obvious was the effort he expended, both in self- 


improvement and in the execution of his ideas. His 
scientific papers were prepared with great care. Each 
one went through draft after draft until he had 


finally hand-written a version that met his exacting 
standards. The use of refined and proper language 
was for him a necessity, obviously based on his 
enjoyment and wide knowledge of English literature. 
His lectures, both in courses and on special occasions, 
were prepared with the same care as his manuscripts. 
They were well-organized, clear, elegantly phrased 
and beautifully delivered. 

Moffitt was much more than a scientist of outstand- 
ing distinction; he was a cultivated man in the 
broadest sense, an enthusiastic athlete, and a human 
being of rare warmth, friendliness and consideration. 
His death not only deprives science of a great mind 
but also takes away for ever from his numerous friends 
and associates a great spirit. 

E. Bricgut WILSON, JUN. 


Dr. Gustav J. Kramer 


On April 19, Dr. Gustav Kramer, Abteilungsleite: 
at the Max-Planck-Institut fiir Verhaltensphysiologie 
and Leiter at the Vogelwarte Radolfzell of the Max- 
Planck-Gesellschaft zur Férderung der Wissenschaften, 
fell to his death while endeavouring to collect wild 
fledgling pigeons during a scientific expedition to 
Calabria in southern Italy. With his death in his 
fiftieth year there must be a halt to very promising 
researches upon the homing, migration and orienta- 
tion of birds and other animals and upon a multi- 
plicity of allied problems. But such has been the 
inspiration which he has offered to his students and 
assistants that we may hope that his ideas will for 
many years yet continue fertilizing this field of 
study. 

Gustav Kramer was born in Mannheim on March 
11, 1910, and came of a wine-growing family. After 
studying at the Universities of Freiburg, Kénigsberg 
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Jand Berlin, he joined the staff of the Kaiser-Wilhelm- 
Institut fiir medizimische Forschung, working upon 
ithe sensory physiology of Xenopus and upon the 
metabolic processes of poikilotherms. In 1934 he 
iwus appointed assistant at the joint German—Italian 
}Murine Biological Laboratory at Rovigno d’Istria, 
and three years later assistant director of the Physio- 
logical Department of the Stazione Zoologica at 
‘Naples. Here it was that he married an Italian 
tzoologist. During this period he continued his work 
jon the metabolism of poikilotherms, concentrating 
upon ceelenterates and lizards. From this arose an 
investigation into the island and mainland races of 
iizards, with biometrical, genetical and hybridization 
i findings. 

lt was not until after the Second World War, 
when he spent two years as lecturer in Heidelberg, 
that Dr. Kramer’s life-long interest in birds led him 
into the field where his name will best be remem- 
bered, that of bird orientation, and when, in 1948, 
he was appointed as a departmental director at the 
Max-Planck-Institut at Wilhelmshaven he was able 


nde idreasice 


NATURE 





23 


to devote most of his energies to investigating this 
problem. The decade since this appointment has 
seen the publication of a remarkable series of papers 
in which he has established the dependence of birds 
on the Sun and upon an ‘internal chronometer’ for 
their feats of orientation, homing and migration. In 
1958 the Max-Planck-Gesellsthaft recognized Dr. 
Kramer’s achievements and promise by appointing 
him to direct an institute of animal behaviour, which 
was to be built at a site of his choosing. It is still 
under construction at Walddorf (Tubingen). Less 
than three weeks before his death, the Gesellschaft 
made him director of its Radolfzell bird observatory 
(formerly the well-known Rossitten bird observatory). 
Gustav Kramer was an athlete and climber of some 
note, and it is ironic that he should have met his 
death while using his climbing ability in his scientific 
work. He is survived by his widow and by three 
children. His unfailing charm and hospitality and 
the inspiration he gave to his students, staff and 
scientific acquaintances will be remembered with 
affection. D. B. CARLISLE 


NEWS and VIEWS 


Dr. Warren Weaver 

On August 1, Dr. Warren Weaver retired from 
his present position as vice-president for the natural 
and medical sciences of the Rockefeller Foundation. 
He has been appointed vice-president of the Alfred 
P. Sloan Foundation, and he will continue his activi- 
ties on the National Science Board, on the National 
Advisory Cancer Council, on the Council for Library 
{esources, as vice-chairman of the Health Research 
Council of the City of New York, and as vice-president 
and chairman of the Committee on Scientific Policy 
of the Sloan-Kettering Institute for Cancer Research. 
For twenty-seven and a half years Dr. Weaver has 
had, within the Rockefeller Foundation, administra- 
tive responsibility for all activities in the natural 
sciences. When the Rockefeller Foundation became 
active in agriculture in the early 1940's this field was 
placed under Dr. Weaver's general charge. Still 
more recently, in 1955, he was also assigned super- 
visory responsibility for the Foundation’s activities 
in the medical sciences. 


Astronomy at Glasgow : Prof. W. M. Smart 


Pror. W. M. Smart, regius professor of astronomy 
in the University of Glasgow since 1937, is to retire 
on September 30. Prior to 1937 Prof. Smart had a 
background which combined Cambridge mathe- 
matics and theoretical astronomy with naval navi- 
gation practice and teaching. During this period he 
Was engaged in research in stellar dynamics, par- 
ticularly with the phenomena of star streaming and 
stellar motion. His development of a flourishing 
school of theoretical astronomy in Glasgow was based 
on this experience. To assist in his teaching work, 
and to help theoretical astronomy everywhere, he 

, wrote three well-known and widely used astronomical 
toxt-books in addition to a number of other books of 
academic, educational and popular interest. He 

‘encouraged his department in studies in stellar 





motion and other theoretical problems. It is under- 
stood he will move to the London area on retirement. 


Prof. P. A. Sweet 


Dr. P. A. SWEET has been appointed to succeed 
Prof. Smart. He has, since 1952, been a lecturer in 
astronomy at University College, London, and also 
assistant director of the University of London 
Observatory. The incoming professor is not new to 
Glasgow, having lectured there during 1947-52. 
After completing the Mathematical Tripos at Cam- 
bridge in 1946, Dr. Sweet commenced theoretical 
researches in the field of stellar structure and plasma 
physies. His theory concerning the rate of mixing of 
the material in stars has had wide consequences in 
the analysis of stellar structure and evolution. His 
more recent work has been connected with the 
influence of magnetic conditions on the control of 
energy reactions in cosmic material. The applications 
of his theories to stellar and other problems are still 
in progress. We may anticipate a development of 
these and other studies with Dr. Sweet’s appointment 
to the regius professorship in astronomy at Glasgow. 


Jacob Bell : Founder of the Pharmaceutical Society 
of Great Britain 


On June 12, the hundredth anniversary of his 
death, tribute was paid by the Pharmaceutical 
Society of Great Britain to its founder, Jacob Bell, 
when the president, Mr. Gwilym Hughes, unveiled a 
tablet to Bell’s memory in Woodbury Park Cemetery, 
Tunbridge Wells, where he is buried. By his work 
for the Society, said Mr. Hughes, Jacob Bell was 
acting in the public interest as well as in the interests 
of his calling. When he commenced his labours, 
pharmacy in Great Britain was ill-defined, unregu- 
lated and unorganized, without acknowledged stan- 
dards of education or practice. It had no authoritative 
means of expression and lacked official recognition. 
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When Bell died, substantial progress had been made 


in overcoming these difficulties and the practice of 


pharmacy had been set upon a path of development 
which subsequent events had shown to be sound. In 
the evening Mr. Hughes gave a review of Jacob Bell’s 
life and work at the Society’s House in Bloomsbury 
Square, where a commemorative exhibition was held 
during the following week. 


Charles Cagniard de la Tour (1777-1859) 

CHARLES CAGNIARD DE LA Tour (or Cagniard- 
Latour), who died one hundred years ago on July 5, 
1859, was a distinguished engineer and _ physicist, 
who also made original contributions to chemistry 
and to medicine. Born in Paris on March 31, 1777, he 
attended the Ecole militaire de Rebais and the Ecole 
polytechnique and qualified as ingénieur-géographe. 
In 1811 he was appointed to the Ministry of the 
Interior, and eight years later was created baron for 
supplying the Hépital St. Louis and the Usine Royale 
with gas-lighting. He was elected to the Paris 
Academy of Sciences in 1851. His name is specifically 
attached to two inventions—a blowing machine and a 
siren. The former, the cayniardelle, is an Archimedean 
screw, immersed obliquely in a tank of water and 
rotated in a direction opposite to that required for 
raising water. The siren, for determining the number 
of vibrations corresponding to a sound of any par- 
ticular pitch, was extensively used for signalling on 
ships. Cagniard de la Tour also experimented on the 
mechanism of voice production (‘“Considérations et 
expériences diverses sur la voix humaine”, 1837). 
In 1822-23 he studied the effects of heat and pressure 
on liquids and determined for each liquid a definite 
temperature (later called the critical temperature), 
above which it did not remain liquid in spite of the 
highest attainable increase of pressure. These in- 
vestigations were continued and extended by Faraday. 
With Theodor Schwann in Germany he originated 
the germ theory in 1837 by his discovery that yeast 
consists of a mass of globules which are vegetable in 
nature and that it is responsible for fermentation 
(“Mémoires sur la fermentation vineuse’’). This 
theory was promptly abandoned two years later 
when Liebig insisted that the process was purely 
chemical, but was resurrected by Pasteur in 1856. 


British Space Research 

Ix reply to a question in the House of Lords on 
July 29, Lord Hailsham said that in their recent visit 
to the United States to discuss co-operation in the 
field of scientific research in space using earth satel- 
lites, Prof. Massey and his small team of experts had 
had most valuable and fruitful discussions with the 
National Aeronautics and Space Administration. 
As a result it is proposed the British scientists will 
prepare instruments for satellites to be placed in orbit 
by the use of the Scent vehicle which the National 
Aeronautics and Space Administration is developing 
for use in connexion with civil scientific research. 
Several vehicles might be involved over three to four 
These proposals have been approved by the 
Government subject to the conclusion of formal 
arrangements. Information regarding these pro- 
grammes and their results will be made available to 
the international scientific community. Both the 


years. 


British and the American groups regard this project 
as a valuable development in scientific co-operation. 
Meanwhile, the arrangements for design studies of 
British launches, announced by the Prime Minister, 
are unaffected. 
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Canadian Committee on Space Research 


National Research Council of Canada has 
formed an Associate Committee on Space Research 
jointly with the Defence Research Board. The new 
Committee will have co-ordination duties and will 
advise on international co-operation. Scientific sub} 
jects to be studied will include geomagnetism, the 
aurora, meteorology, cosmic rays, radiation from the 
Sun, and chemical composition of the upper atmo. 
sphere. This Canadian work, now in hand, may be 
enhanced by series of high-altitude rockets carrying 
measuring instruments. The new Committee will be 
particularly useful to Canadian university groups 
interested in research in the upper atmosphere. They 
will have an opportunity to design their own experi- 
ments, and to build instruments for the nose cones 
of rockets. The rocket range at Churchill will prob. 
ably be used. Canadian and American groups have 
already been co-operating in maintaining this range. 
The new Committee includes members from a number 
of Government departments and agencies, and from 
universities with research teams in related fields. 
The secretary of the Committee is Mr. B. D. Leddy, 
National Research Council, Ottawa 2. 


THE 


The Dragon Project 


THE first meeting of the International Board of! 
Management of the high-temperature reactor project} 
of the Organization for European Economic Co- 
operation (Dragon) was held recently at the Atomic 
Energy Establishment, Winfrith, Dorset, where the 
reactor experiment is to be built. Dr. Sigvard Eklund, 
of Sweden, was elected chairman of the Board for the 
current year, with Sir John Cockcroft, of the United 
Kingdom, vice-chairman. Sir John was _ suc- 
ceeded in this office by Sir William Penney on July 1. 
The Board appointed Mr. C. A. Rennie, of the 
Atomic Energy Research Establishment, Harwell, as 
chief executive of the project. The Board, which 
includes representatives of the signatories of the 


as 


Dragon Agreement, namely, Austria, Denmark, 
Belgium, France, Germany, Italy, Luxembourg, 


The Netherlands, Norway, Sweden, Switzerland and 
the United Kingdom, considered and approved | 
a broad programme of work and a budget for | 
the. financial year, 1959-60, on the basis of | 
preparatory work by a General Purposes Com- | 
mittee under the chairmanship of Dr. J. Gueron | 
(Euratom). 





The Scripps Institution of Oceanography 

THE Scripps Institution of Oceanography has 
announced its intention to send two ships on an 
ambitious oceanographic and geophysical investiga- 
tion of the western Pacific Ocean and eastern Indian 
Ocean to last six months between February and 
August 1960. Particular attention will be paid to 
studies of the sea floor, and to areas such as the Java 


trench, where previous work has posed specific 
problems. The programme will include dredging, 


coring, measurements of heat flow, seismic, magnetic 
and gravity surveys, studies of the interchange of 
carbon dioxide between sea and air, and sampling 
for radioisotopes and trace elements. The biological 
programme will consist of plankton sampling | 
and mid-water trawling as well as dredging. The | 
memorandum received from the Director of the 
Scripps Institution says that visiting scientists and 
suggestions as to subjects for examination will be 
welcomed. 
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Agricultural Aviation Group 

Aw Agricultural Aviation Group has recently been 
formed by the Royal Aeronautical Society. The 
aims of the Group are to further the use of aircraft in 
agriculture, forestry, pest control, fertilizing, seeding, 
chemical application and similar subjects and to 
provide facilities for those interested in such matters 
to meet and exchange ideas and information. The 
formation of the Agricultural Aviation Group was 
largely inspired by Mr. 8. W. G. Foster, an Associate 
Fellow of the Society and a design consultant. 
The Group expects to take an active part in the 
International Agricultural Aviation Conference which 
is to be held at Cranfield in September. The 
Agricultural Aviation Group is the second group to 
be formed within the Society since the Council agreed 
to the formation of groups to cover small specialized 
fields of aeronautics. An indication of the wide range 
of the interests of members of the Society is given 
by the fact that the Society now has an Astronautics 
and Guided Flight Section, a Man-Powered Aircraft 
Group, an Agricultural Aviation Group, and, within 
the next month or two, will also have a Historical 
Group. 
Efficient Use of Man-power in Industry 

THE report of an inquiry undertaken by the 
National Joint Advisory Council into practices 
impeding the full and efficient use of man-power has 
now been published by the Ministry of Labour and 
National Service (pp. 16. London; H.M. Stationery 
Office, 1959. 1s. net). The inquiry was concerned 
with restrictive labour practices, and the Council 
considers that the results of the inquiry are encour- 
aging. Some 64 industries reported that they had 
no problems in regard to the efficient use of man- 
power and a further 42 had set up machinery to 
deal with any such problems or appeared to be 
establishing such machinery. Six industries needed 
more time, or because of various difficulties had been 


unable to make a joint examination, though some of 


these industries are of considerable importance in 
the national economy, and the Council expresses 
concern about the position in this group. In the 
ship-building and ship-repairing industry there are 
problems which need to be tackled if greater efficiency 
is to be achieved and this calls for efforts from both 
employers and trades unions. More generally, the 
report points out that much depends on the use to 
which joint machinery is put, but the existence of an 
organization for joint consultation and the fact that 
such organization functions will afford some grounds 
for both hope and confidence. 


Tyneside Association of Libraries for Industry and 
Commerce 


THE Tyneside Association of Libraries for Industry 
and Commerce was formed last September under the 
sponsorship of the Northern Regional Board for 
Industry, the Tyneside Productivity Committee, 
and the North East Industrial and Development 
Association. Having its headquarters at the Com- 
mercial and Technical Department of the Central 
Library, New Bridge Street, Newcastle upon Tyne 1, 
the main purpose of the Association is the co-ordina- 
tion and development of existing facilities in the 
Tyneside area in order “to help industry and com- 
merece by making information readily and quickly 
available”. Use of the service is available to any one 
frve of charge ; membership is open to any firm or 
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organization which maintains a library and/or 
information department, and is willing to supply 
non-confidential information on request. To reduce 
the burden on headquarters, the brochure describing 
the service suggests that inquiries should, in the 
first place, be directed to the nearest public library ; 
if that fails (or if the matter is urgent) the inquiry 
may be sent direct to the Association’s headquarters. 
The chairman of the Association is R. A. Cookson, 
vice-chairman of the Northern Regional Board for 
Industry. The honorary secretary is the Newcastle 
City Librarian, from whom copies of the brochure 
may be obtained. 


Chemical Control of Eelworms on Strawberries 


THE effectiveness of chemica! substances in the 
control of the several eelworms which infest straw- 
berries has been examined and discussed by R. S. 
Pitcher (J. Hort. Sci., 34, No. 2; 1959). Although the 
hot-water treatment gives a satisfactory control of 
eelworm, it has several disadvantages, notably that 
it is time-consuming, exacting, and requires precision, 
and it cannot be used in the field on an already 
established and growing crop. Hence the desirability 
of discovering chemical methods of control. In the 
present investigation, a number of nematicides were 
tested under pot conditions and field trials were 
carried out with parathion. All treatments rapidly 
reduced the symptoms caused by the three eelworm 
species, but the persistence of the remedial effect 
varied according to the kind of infestation involved. 
Pre-planting dips were consistently more effective 
than spraying of established plants in the field. 
With each of the three eelworm species, the level of 
infestation was greatly reduced by parathion (0-1 
per cent of active ingredient), whether used as a 
drench, spray, or pre-planting dip. 


Non-Cartridge Type Demineralized Water Units 

WATER demineralizing, or de-ionizing, units are now 
superseding the still and distilled water delivered in 
carboys as a source of supply of purified water for 
laboratories and similar establishments. <A feature 
of many such units, however, is their reliance on 
detachable cartridges of ion exchange resins which 
are returned to the supplier when exhausted. The 
Mark 4 and Mark 5 Portable *“‘Deminrolit” plants 
manufactured by the Permutit Co., Ltd., Gunnersbury 
Avenue, London, W.4, have been designed for easy 
‘on the spot’ regeneration of the exhausted ion 
exchange material, thus obviating the need for 
detachable cartridges and replacements. Both 
plants consist of a pair of sealed columns charged 
respectively with ‘Zeo-Karb” cation and ‘De- 
Acidite’”” anion exchange resins, the water being 
passed through the columns in that order. Flexible 
connexion and delivery tubes, with a multi-valve 
control system, facilitate operation and regeneration. 
A built-in dial-type conductivity tester enables 
‘spot’ checks to be made on the quality of water 
being produced. By this means the point at which 
regeneration becomes due may be determined 
precisely. Regeneration involves flushing the cation 
column with a dilute solution of hydrochloric acid 
and the anion column with dilute caustic soda or 
soda ash solution. Both columns are then rinsed 
with water, when the plant is ready for further use. 
Both plants are constructed throughout from non- 
corrodible materials and operate at normal cold water 
tap temperatures and pressures. 
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Rutherford Memorial Appointments 


UNDER the terms of the scheme to commemorate 
the late Lord Rutherford of Nelson the following 
appointments have been made by the Council of the 
Royal Society. Sir Lawrence Bragg has_ been 
appointed Rutherford Memorial Lecturer for 1960, 
to deliver the lecture in New Zealand. Mr. D. J. 
Tritton, now working at the Cavendish Laboratory, 
Cambridge, has been appointed Rutherford Scholar 
for 1959 for three years, to investigate the relationship 
between the manner of production of turbulence 
in a fluid 
that turbulence, at the department of aeronautical 
engineering, Indian Institute of Science, Banga- 
lore. 


Canadian National Research Council Scholarships 
for 1959-60 


Tue National Research Council of Canada has 
granted 399 scholarships for 1959-60, with a total 
value of 844,600 dollars. Three hundred and forty- 
one of these scholarships are for graduate work at 
Canadian universities. Awards for study abroad 
include thirty-three special scholarships, to be held 
in the following countries: eighteen in the United 
Kingdom ; fourteen in the United States ; and one 
in France. Twenty-five postdoctorate overseas 
fellowships have been granted for work in the fol- 
lowing countries : nineteen in the United Kingdom ; 
five in France ; and one in the Netherlands. 


California 

A DEPARTMENT of Virology has been established 
in the University of California at Berkeley. Chair- 
man of the new Department is Dr. Wendell M. 
Stanley, Nobel laureate and director of the Virus 
Laboratory. Eight faculty members, drawn from 
the Virus Laboratory, now comprise the staff of the 
Department. Starting in September 1959, lecture 
courses will be offered to graduate and advanced 
undergraduate students, to be followed later by a 
comprehensive laboratory course. Additional instruc- 
tion will be offered, mostly at graduate level, in the 
form of special study courses, seminars, and research 
projects. 


University News : 


Ibadan 
Pror. F. W. Sansome, professor of botany in 
University College, Ibadan, Nigeria, has been 


appointed professor of botany in the University 
College of Ghana, Achimota. He is to be succeeded 
at Ibadan by Dr. E. Njoku, at present senior lecturer 
in the College. 


London 

THE new Sir John Atkins Laboratories, of which 
Sir John Atkins laid the foundation stone on June 24, 
will enable important and urgently needed develop- 
ments to take place at Queen Elizabeth College, 
London. The College is the only institution in 
Britain that provides courses leading to a degree in 
nutrition (B.Sc. Nutrition, London) and shares with 
the University of Bristol the distinction of preparing 
students for the only degrees in household science 
(B.Se. Household Science, London). In the new 
buildings, which will the Departments of 
Bacteriology, Biology and Nutrition, more students 
can be accommodated and much more research in 
these subjects can be undertaken. More accommoda- 


house 
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tion for teaching and research will also be available ) 
for the five other science departments which will — 


expand in the present buildings. 


Michigan 


Dr. Wray SMITH has been appointed assistant 
director of the Willow Run Laboratories. He will 
continue to be responsible to the director and associate 
director of the Willow Run Laboratories for the 
direction of the administrative staffs of the labora. 
tories and for assisting the director and associate 
director in formulating and implementing administra. 
tive policies and procedures. He has been on the 


Willow Run Laboratories staff since 1954 and 
has been administrative associate since early in 
1958. 

Prof. Louis J. Cutrona, professor of electrical 


engineering in the University of Michigan, has been 
appointed head of the largest of the several labora- 
tories within Willow Run. The Radar Laboratory is 
involved in major programmes in the field of air. 
borne and ground-based radars with support through 
Project Michigan, the U.S. Air Force and_ the 
Advanced Research Projects Agency. 


Announcements 

At the first commencement on June 18, the 
honorary degree of D.Se. was conferred on Dr. 
Peyton Rous and on Dr. Herbert S. Gasser for 


their contributions to the development of the Institute 
and the attainment of its high standards in research 
and scholarship. 


Str Hucu BEAVER was recently elected president 
of the Royal Statistical Society for the ensuing year. 
Mr. B. Benjamin, Miss J. I. Douglas and Dr. P. 
Armitage were re-elected honorary _ secretaries, 
and Mr. R. F. Fowler was re-elected honorary 
treasurer. 


Dr. F. KENNETH BRASTED, former president of the 
University of Dallas, has joined Texas Instruments 
Incorporated as administrative director of its Central 
Research Laboratory. 


Dr. MarGaretT HANNAH has been awarded the 
Warner Medal which is given by the Textile Institute 
for outstanding work in textile science and _ tech- 
nology. Dr. Hannah was formerly a lecturer in 
textile engineering in the University of Leeds. 


THe ninth Annual Instrument Symposium and 
Research Equipment Exhibit will be held during 
September 28-October 1 at the National Institutes 
of Health, Bethesda, Maryland. Further information 
can be obtained from James B. Davis at the above 
address. 


Tue third conference on Analytical Chemistry in 
Nuclear Reaction Technology will be held in Gatlin- 
burg, Tennessee, during October 26-28. Further 
information can be obtained from C. D. Susano, Oak 
Ridge National Laboratory, P.O. Box Y, Oak Ridge, 


a 
rennessee. 


Erratum. In the ‘News and Views” item entitled 
“Ultrasonic Vibrations at 10,000 Megacycles”, pub- 
lished in Nature of June 6, p. 1570, the work referred 


to is being carried out by Dr. E. H. Jacobsen, a 


member of the General Electric Company Research 
Laboratory, Schenectady, New York, and not by 
Dr. E. H. Jackson, as printed. 
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‘skill to relieve the suffering of these people’’. 


‘Savannahs of British 


HATEVER posterity may remember of the 
term of office of the thirty-third President of 
‘the United States, Harry S. Truman, it is unlikely 
lever to forget those trenchant sentences of his 
inaugural address of January 20, 1949, ‘‘Fourth, 
‘we must embark on a bold new programme for making 
ithe benefits of our scientific advances and industrial 
jprogress available for the improvement and growth 
‘of the under-developed areas. For the first time in 
thistory, humanity possesses the knowledge and the 
As 
ithe programmes then initiated and the other innumer- 
‘able activities directed towards helping the less 
‘developed countries have progressed, it has become 
increasingly apparent that the knowledge possessed 
‘by humanity is far from adequate. In no sphere is 
‘this more true than in the proper use and manage- 
ment of land in the tropics—whether the hi iid 
tropics or the arid. The lesson is still being learnt, 
after a number of major failures, that the secret is 
to make haste slowly and to build upon a firm founda- 
has been 


\ 


tion of factual knowledge. Reference 
made in a recent issue of Nature (183, 20; 1959) to 
the large-scale land-use maps of the Gambia and 


re being prepared as a basis for planning, 
and it is clear that many other countries are working 
along comparable lines. 

Among the many research projects undertaken by 
the Institut National pour V’Etude agronomique du 
Congo belge (INEAC) is one for a soil and vegetation 
survey. The results are being published as a series 
of fully coloured small sheets, one of soils and another 
of vegetation, with an explanatory memoir. To date 
a dozen livraisons have been published, or are in the 
press, but a simple calculation suggests that about 
7,000 sheets will be required to cover the whole 
territory on the scale of 1: 50,000 which has been 
chosen. Taking as an example* Planchette 3 
(Lilanda) of the Yangambi area (Livraison 6) pre- 
pared by three soil scientists and a botanist, sixteen 


soil series and three complexes are distinguished. 
rhe soils are classified by parent material and by 
class of drainage—‘‘chaque unité reconnue— en 


fonction de ces deux facteurs regoit le rang de série”’ 
The complexity of the soil picture is accentuated in the 
vegetation map. Small blank areas mark cultivated 
fields, but even at the seale of 1 : 50,000 the major 
veyetation types cannot be shown without recourse 
to stripes for ‘‘mélanges’? and small circles in a 
background for ‘‘mosaiques”’ Such is the true 
ineasure of the complex natural environment within 
which development is to take place. 

(n the western side of the Atlantic a Soils Research 
and Survey Section under the direction of T. A. 
Jones has been set up at the Regional Research 
Centre of the British Caribbean at the Imperial 
College of Tropical Agriculture, Trinidad. The 
first three monographs to be published cover the 
parish of St. Catherine, Jamaica, the Rupununi 
Guiana, and the island of St. 
* Publications de l'Institut National pour l’Etude Agronomique du 


igo Belge. Carte des Sols et de la Vegetation du Congo Belge et 


du Ruanda-Urundi. Yangambi. Planchette 3: Lilanda. A: Sols. 


\b- Vegetation. Notice explicative de la Carte des Sols et de Vegeta- 


ation par P. 


Jongen, A. Van Wambeke et L. Liben. Pp. 


Gilson, P. 
Institut National pour l’Ktude Agrono- 


6 +2 cartes. (Bruxelles : 


+m jue du Congo Belge, 1957.) 


Bhasin 


Vincent*. The first two have soil maps on a scale 
of 1 : 50,000—the first with pink symbols on a black 
outline, the second in black only, while the St. 
Vincent map comprises three sheets on the scale 


of 1: 20,000. The soils are grouped in St. Vincent 
according to parent material (soils over recent 
alluvium, old alluvium, limestone, granodiorite, etc.) 


whereas in British Guiana there is a tentative local 
classification based on geomorphological regions 
(well-drained soils of the pediments, ee 
drained soils of elevated flats, ete.). The Jamaica 
monograph combines the two. In the explanatory 
memoirs there are elaborate tabular statements 
giving the important characteristics of each soil, 
recommended cultivation practices and crops for 
each. There are detailed descriptions of the soil 
profiles and a new scheme of ‘land capability classes’ 
is introduced. In place of the familiar eight classes 
of the American system, seven are recognized, 
each divided into e (erosion danger), # (excess water), 
s (shallow or droughty) and so on. In contrast to 
the Belgian work this is a far more subjective 
approach : it suggests an over-emphasis on soil and 
perhaps a passing over of lessons to be learnt from 
existing vegetation and land use. In due course it 
will be most enlightening to know how far the 
practical recommendations have been followed and 
the results. 

Unesco is much concerned with the problems of 
both the arid and humid tropics. Arising out of the 
Kandy Symposiumf held in 1956, a vegetation map 
of the whole of Malaysia (including all New Guinea) 
has been compiled by C. G. G. J. van Steenis and 
published with the collaboration of Unescof. At 
a seale of 1: 5,000,000 it is highly generalized and 
approaches the problem of land-use in the humid 
tropics from a very different point of view—that of the 
broad overall perspective. It has been possible, 
however, to show a dozen types of forest as well as 
the main areas of ‘savannah’, grass, alpine grass, wet 
rice, dry fields and plantations, making eighteen 
categories in all. 

The need for a stock-taking of land resources and of 
the present use of land is by no means confined to 
the tropics. Wherever there is a heavy pressure of 
population on land it forces itself upon the attention 
of governments and research organizations. In 
Italy the Consiglio Nazionale delle Ricerche has 
undertaken the preparation of a comprehensive 
Carta della Utilizzazione del Suolo, now being 
published on the scale of 1: 200,000 in 23 sheetss. 
The work is under the capable direction of Prof. 
Carmelo Colamonico, who writes an introduction to 
the first two descriptive memoirs. The first on 
Calabria (sheets 19 and 20) by Ferdinando Milone ; 
the second, on Sicily (sheets 21, 22 and 23) by the 


Is 


*The Regional Research Centre of the British Caribbean at the 
Imperial College of Tropical Agriculture, Trinidad. Soil and Land-use 
Surveys. No. 1: Jamaica—Parish of St. Catherine. By K.C. Vernon. 
Pp. 42. 208. No. 2: British Guiana ‘The Rupununi Savannas. By 
R. F. Loxton, G. K. Rutherford and J. Spector. Pp. 33. 15s. No.3: 
St. Vincent. By J. P. Watson, J. Spector and T. A. Jones. Pp. 70. 
25s. (Trinidad: Imperial College of Tropical Agriculture, 1953.) 

t Proc, Kandy Symposium, Unesco, 1956, pp. 68-73 (1958). 

t Unesco, Paris: published for the Unesco Humid Tropics Research 
Project (1958). 

§ Consiglio Nazionale delle Ricerche, Napoli, Corso Vittorio Eman- 
uele, 165 (1958-59). 
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same author. A preliminary sheet of central Italy 
was shown to the Congress of the International 
Geographical Union at Washington in 1952 and the 
maps, in full colour, show twenty categories of land- 
use following closely the recommended categories 
laid down by the Commission on the World Land 
Use Survey. The Survey has since recognized the 
vital importance of separating irrigated and non- 
irrigated lands, which has been done on the Italian 
maps. Anyone familiar with Mediterranean lands 
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will know the intimate mixtures of trees and ground 
crops—olives with cereals, for example—and will 
recognize the justification of this mixed category. 
Little of Sicily is shown as ‘sterile’ except the higher 
slopes of Etna. 

Though differing widely in their methods and 
execution, all these maps illustrate the growing 
recognition that before land can be planned the 
present position must be surveyed and analysed. 

L. DupLEY STAMP 


AGRICULTURAL RESEARCH IN EIRE 
AN FORAS TALUNTAIS (THE AGRICULTURAL INSTITUTE) 


N Foras Taltintais was established under the 
Agriculture (An Foras Taliintais) Act, 1958, 
and commenced activities on August 1, 1958. Its 


functions include reviewing, facilitating, encouraging, 
assisting, co-ordinating, promoting and undertaking 
agricultural research in the Republic of Ireland. The 
Institute has authority to provide, where necessary, 
new facilities and staff to carry out research, to assist 
in carrving out specific research projects and to make 
grants for the extension and development of facilities 
to scientists actively engaged in agricultural research. 
The Institute is specifically obliged to disseminate 
the results of agricultural research, particularly to 
those engaged in agricultural advisory work. As one 
of its major and general functions the Institute has a 
statutory obligation to advise the Minister for Agricul- 
ture on any matter relating to agricultural research 
or agricultural science on which advice is requested 
by him. As part of its educational activity in the 
promotion and encouragement of agricultural research, 
the Institute may provide and organize courses of 
study in agricultural research and related subjects, 
and it may also provide and organize seminars, 
conferences, lectures and demonstrations on agricul- 
tural research ; it may grant scholarships, and award 
fellowships to persons who have done outstanding 
work in relation to agricultural science or agricultural 
research. 

The Institute is an autonomous national body, 
governed by a Council which consists of a chairman 
and twelve ordinary members. The chairman is 
appointed by the President of Ireland. Five members 
of the Council are nominated by agricultural and rural 
organizations ; the nomination is by means of election 
by a panel of twenty-five organizations divided into 
five groups ; one member is nominated by each of the 
governing bodies of the University Colleges of Cork, 
Dublin and Galway and the Board of Trinity College, 
Dublin, and the three remaining members are nomin- 
ated by the Government of the Republic of Ireland. 
The activities and staff of the Institute are under the 
control of a director responsible to the Council as 
chief officer of the Institute. The finances of the Insti- 
tute are provided for under a number of headings. 
From the Counterpart Special Account, by arrange- 
ment between the United States and the Irish Govern- 
ments, the Institute has available a capital fund of 
£840,000 to be expended on capital projects and an 
endowment fund of £1,000,000. A grant towards the 
expenses of the Institute will be paid every financial 
vear out of monies provided by the Irish Government. 
The Institute is empowered to accept gifts of money, 





land or other property under specified conditions which 
must be consistent with the functions of the Institute. 
With regard to gifts and fees for specific research 
projects, the Institute looks for support particularly 
to industries and businesses closely associated with 
agriculture and to farming organizations and indivi- 
duals interested in agricultural development. 

The activities of the Institute have been organized 
on the basis of a headquarters consisting of a secre- 
tariat, scientific and agricultural liaison offices and 
statistical, library and information services, together 
with five main Research Divisions as follows: (1) 
Soils, (2) Plant Sciences and Crop Husbandry, (3) 
Animal Production, (4) Rural Economy and (5) 
Horticulture and Forestry. The scientific liaison 
office will make and maintain contact with agricul- 
tural research and allied services in other countries, 
while in addition providing for the scientific develop- 
ment and co-ordination of the research programme at 
home. The agricultural liaison office will ensure th« 
closest possible contact, co-operation and integration 
of effort between the Institute, departments of State. 
the advisory services and the farming community. <A 
specialist advisory service in each facet of agriculture 
will be provided for advisory officers and others. 

The work of the different Divisions is being 
developed on the following general basis. The 
Soils Division will carry out research and specialist 
advisory activities in the spheres of soil physics, soil 
chemistry and biochemistry, soil microbiology, soil 
fertility and fertilizer use, plant nutrition and physio- 
logy, soil classification and survey, land reclamation 
and land use and the manuring, ecology and survey of 
grassland. A national soil-survey has already com- 
menced. The Plant Sciences and Crop Husbandry 
Division will be chiefly concerned with improving the 
yield and quality of a wide variety of agricultural 
crops, and will accordingly cater for research in plant 
breeding, plant pathology, crop protection, entomo- 
logy, plant introduction (including crops for com- 
mercial and other special purposes), plant composi- 
tion, weed control and general aspects of crop 
husbandry. The Animal Production Division will 
cover all phases of animal production from grassland 
management and feeding to product quality. The 
work will be organized in the following departments : 
grassland management, animal husbandry, animal 
nutrition and biochemistry, physiology, breeding and 
genetics and meat research. The headquarters of this 
Division will be at the National Research Centre for 
Animal Production, at Grange, Dunsany, Co. Meath. 
A research centre for dairying is being established at 
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Moore Park, Fermoy, Co. Cork, and a sheep research 
centre at Creagh, Ballinrobe, Co. Mayo. The Rural 
Economy Division will include departments of farm 
management, agricultural economics, agricultural 
marketing, rural sociology, home economics and 
agricultural engineering. It will provide a service 
for the economic evaluation of the research in other 
divisions and for the general management programme 
of the Institute’s farms. An agricultural machinery 
testing service is being organized. The horticultural 
work of the Horticulture and Forestry Division will 
be carried out at centres dealing with glasshouse and 
vezetable crops, soft fruits, pomology and bee-keep- 
ing. A National Research Centre for Glasshouse and 
Vegetable Crops has been established at Kinsealy, 
Malahide, Co. Dublin. In addition, a field experi- 
mental station to cater for soft fruits has been set 
up at Clonroche, Wexford, and an experimental 
unit for pomology research at Dungarvan, Co. 
Waterford. 

The foundation ceremony of An Foras Taluntais, 
commencing with religious services, was held in Dublin 
on May 19. The opening of the headquarters’ offices 
of An Foras Taluntais at 33 Merrion Road, Balls- 
bridge, Dublin, by the President of Ireland, and the 
unveiling of a commemorative plaque acknowledging 
Unites States aid in the foundation of the Institute, 
took place in the afternoon. 

rhe following officers of the Institute have been 
appointed : 


Director : Dr. T. Walsh 


Dr. T. Walsh graduated in 1937 and was awarded a 
postgraduate scholarship which he held in the Soil 
Science Department, University College, Dublin. 
He took the degrees of M.Agr.Se. in 1938, Ph.D. in 
1940 and D.Se. in 1946 on published work. He was 
elected a member of the Royal Irish Academy in 
1954. During 1938-45 he was assistant lecturer in 
soil science, in University College, Dublin, and during 
1945-52, soils advisory officer in the Department of 
Agriculture. He was senior inspector in charge of 
soils and grassland research during 1952-58. In 
August 1958 he was appointed director of the Agri- 
cultural Institute. He has represented the Republic 
of Ireland at many scientific and agricultural confer- 
ences and is national representative on a number of 
committees of the Organization for European Econo- 
mic Co-operation and the United Nations Food and 
Agriculture Organization. He was responsible for 
building up research facilities in soils and grassland 
research in the Department of Agriculture, especially 
at Johnstown Castle Agricultural College. Dr. Walsh 
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has specialized in pedology, soil fertility, plant 
nutrition, and more recently in grassland husbandry 
with particular reference to the soil fertility — animal 
nutrition aspects of this subject, and has published 
some seventy scientific papers. 


Chief of the Anima! Production Division : 
Dr. L. B. O’Moore 


Dr. Laurence Butler O’Moore, who has been 
appointed chief of the Animal Production Division, 
took the degrees of M.R.C.V.S. at the Veterinary 
College in 1945, M.Sc. at the University of Dublin 
for a thesis on the “Physiology of Reproduction” 
in 1946, and Ph.D. at the University in 1950 for a 
study on “Phosphorus Deficiency in Grazing Cattle”. 
Since 1948 he has been on the staff of the Veterinary 
Research Laboratory, Department of Agriculture, 
where he held the post of superintending senior 
research officer with responsibility for research dealing 
with biochemistry, vaccine production and calf 
diseases. Dr. O’Moore is a well-known authority in 
the fields of animal biochemistry, physiology and 
nutrition. His work on nutritional deficiencies and 
metabolic disturbances in animals at pasture is 
especially well known, his reputation in this particular 
sphere being world-wide. 


Chief of the Rural Economy Division : 
: Mr. J.J. Byrne 


Mr. James J. Byrne, who has been appointed chief 
of the Rural Economy Division, was educated at 
St. Kieran’s College, Kilkenny, and the National 
University, and graduated in law, politics and 
economics in 1940, being awarded a postgraduate 
scholarship. He took the M.A. (Economics) degree 
at the National University in 1941, being awarded a 
travelling studentship with which he proceeded to 
the University of Cambridge, where he was awarded 
the M.Se. (Economics) degree in 1944, taking the 
LL.B. (National University of Ireland) in the same 
year. In 1946, Mr. Bryne became lecturer in econo- 
mics in the University of Dublin, where he was 
appointed registrar of the Schools of Agriculture and 
Veterinary Medicine in 1955, and secretary of the 
Management Committee of the Kells Ingram Farm in 
1957. During 1948-54, in addition to his duties in 
the University of Dublin, he was secretary of the 
Population Commission, and this work brought him 
into particularly close touch with the main national 
social problems. Mr. Byrne takes up his new post 
with an international reputation in the sphere of 
research in economics. 


BRITISH MAMMALS AND SOME OTHERS 


N appreciable number of important papers were 

produced on a variety of subjects during the 
conference of the Mammal Society of the British 
Isles, which was held at Bristol during April 6-9. 
Miss J. Shillito (University of Exeter) described her 
findings on the population structure, ecology and 
breeding of the common shrew (Sorex araneus) under 
wild conditions: her observations showed much 
movement of juveniles before their breeding terri- 
tories were established, the range covered by the 
males being rather greater than that by the females. 


The various invertebrates consumed by shrews were 
also examined and listed. The other insectivore 
investigated was the water shrew (Neomys fodiens 
bicolor). P. A. Jewell and A. E. Hawkins (Royal 
Veterinary College) had shown that the normal diet 
of this shrew had an exceedingly low calorific value, 
so that the great physical activity employed in the 
search for food was associated with a resting meta- 
bolic rate at least as low as that of a mouse fed on 
the same standard diet. The Earl of Cranbrook 
pointed out that the saliva of this shrew was prob- 
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ably toxic, since worms bitten by the animal appeared 
to be paralysed. 

The food of the water vole (Arvicola amphibius), 
dormouse (Muscardinus avellanarius) and harvest 
mouse (Micromys minutus) was discussed by M. 
Knight and their individual preferences noted. 
Small mammals had been studied in the wild in two 
localities. R. M. Newsom (Bureau of Animal 
Population) at Wytham had followed the population 
fluctuations in the bank vole (Clethrionomys glareolus), 
field vole (Microtus agrestis) and wood mouse 
(Apodemus sylvaticus) over some sixteen months. 
The results of trapping and marking showed that 
although breeding of all three species ceased normally 
during the winter of 1957-58, they all continued to 
breed in the woodland during the winter of 1958-59. 
Work on the small mammals of South Rona was 
carried out by W. O. Copland and M. J. Delany 
(University of Southampton), who trapped for six 
days during August 1958. Small mammals proved 
very scarce, and only wood mice (Apodemus syl- 
vaticus) and the common and pigmy shrews (Sorex 
araneus and S. minutus) were found. M. J. Delany 
had further compared the specific characters in 
Apodemus sylvaticus from the Scottish mainland with 
large series from Mull and Lewis, and found that 
these island races only differed from the mainland 
one in size: he therefore concluded that there was 
no justification for considering Apodemus hebridensis 
as a distinct species. With S. Krishnaswamy and 
K. A. Munday (University of Southampton), he has 
used filter-paper electrophoresis on blood serum from 
various murids, and this method has shown that the 
pattern from the island race of Apodemus differs 
from that of A. sylvaticus but is closely akin to that 
of A. flavicollis. 

Among larger mammals, J. E. C. Flux (University 
of Aberdeen) had investigated the colour change in 
wild specimens of the mountain hare (Lepus timidus 
scoticus) in Aberdeenshire. The order in which 
moulting occurred in different parts of the body was 


STRUCTURAL EFFECTS 


N April 21 an all-day discussion on “The Struc- 

tural Effects of Kinetic Heating’? was held by 
the Royal Aeronautical Society at the Institution of 
Mechanical Engineers. 

The chair was taken by Mr. M. B. Morgan (deputy 
director, Royal Aircraft Establishment, Farnborough). 
In his opening remarks, he said that although the 
effects of kinetic heating had been pioneered by 
engine manufacturers, it was a comparatively new 
field for the structural designer of to-day. In the 
future, kinetic heating effects would have to be taken 
into account in the design of very high-speed aircraft 
and missiles, so that the designer would have to 
become familiar with the scientific background to the 
problem. 

The first paper, ‘“Some Factors affecting the Choice 
of Materials’, was read by Mr. W. G. Heath (A. V. 
Roe and Co., Ltd.). He opened with the assumption 
that certain fundamental parameters were outside 
the control of the structures designer. The designer 
must study the effect of these factors on suitable 
materials, considering not only structural efficiency, 
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noted and it was found that the spring moult took 
place much less abruptly than the autumn one. 
G. F. Moysey showed an electrical device using a 
spring switch which he had used 'to obtain auto- 
matic records of badgers moving in and out of their 
setts; preliminary results gave fluctuations in the 
period of nocturnal activity near and far from the 
sett, which might be correlated with seasonal changes 
in badger behaviour. 

Roe deer (Capreolus capreolus) were touched upon 
by two members. D. Stephen made observations 
extending the calving season. He also commented up- 
on the absence of the stage of production of buttons 
by two young bucks kept by him, as a preliminary to 
the formation of the first antler spikes. F. J. Taylor 
Page discussed the activity of mature bucks in 
fraying young trees as a territorial demarcation. 
With T. J. Pickvance (University of Birmingham), 
he also described methods of carrying out region 
mammal surveys, with particular reference to those 
being carried out at present in the midlands and in 
Norfolk. 

The problem of erosion outside Britain was dealt 
with by H. V. Thompson, who spoke on the rabbit 
(Oryctolagus cuniculus) in Australia and New Zealand, 
while O. Hook and H. N. Southern (Bureau of 
Animal Population) spoke of similar problems caused 


by the very large number of hippopotami in 
Uganda. Control methods are being used against 


both these species. Other foreign species came under 
review when Prof. K. Zimmermann (Berlin) spoke 
about rodents which he had collected in China, and 
which in some cases had been brought back alive to 
Berlin. H. Bohlken (Kiel) gave an account of his 
findings on the stomachs of the tylopoda and showed 
that there were important differences between 
those of tylopods and ruminants; this suggested 
that the faculty of rumination differs between 
these two groups and has been acquired twice over 
in the phylogenetic history of the artiodactyla. 
J. F. D. Frazer 


OF KINETIC HEATING 


stiffness, creep, fatigue and thermal stress but also 
the availability of the materials and the ability of 
the workshops to handle them. 
giving a comparison of some of the materials avail- 
able at the present time—aluminium alloys, titanium 
alloys and steels—which are suitable for structures 
operating at temperatures up to 500°C. Later, brief 
mention was made of materials suitable for use at 
higher temperatures. He urged every designer to 
throw away the curves, which he felt sure they all 
had, of specific strength plotted against temperature, 
as compression structure efficiency could not be 
determined from them, and they could be misleading 
even for tension structures. Mr. Heath showed curves 
of ‘specific stability’ parameters which he had 
derived. He felt that these would be helpful in the 
choice of the most efficient material for short-life 
compression structures. He stressed the need for 
more information concerning the effects of creep. 


fatigue and thermal stress on long-life structures, and | 
the difficulty in obtaining satisfactory experimental | 


results—a point in favour of ‘fail-safe’ design. 





He showed curves | 
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He concluded that the final choice of material was 
strongly linked to the type of structure, and that 
availability and the workshop processes involved 
must be considered. 

During the discussion on this paper a plea was 
made for some convenient form of presentation of 
the necessary material properties data for design 
use; the stiffness and proof stresses in tension and 
compression would have to be given for each material 
at a given temperature over varying lengths of time. 
For some of the new materials, which would have to 
be used for temperatures above 500° C., it was 
remarkably difficult to discover some of their prop- 
erties and they were extremely difficult to work with. 
Ultimately, it was the workshops that governed the 
choice of such materials. 

A plea was also made for much more compression 
creep testing to be carried out, which Mr. Heath 
endorsed, saying that he thought the right proportion 
would be 60 per cent compression and 40 per cent 
tension testing. 

Asked for guidance on factors affecting material 
selection, Mr. Heath said that many more materials 
data were required and suggested that the research 
activities of universities, technical colleges, ete., in 
Britain should be co-ordinated. 

From a structural point of view an opinion was 
voiced that the general heating problem could be 
simplified by trying to stop the thermal stresses from 
arising. This could be done by cooling, insulation or 
other ways of smoothing out the thermal gradients. 

Dr. J. S. Przemieniecki (Bristol Aircraft, Ltd.) 
p:esented the next paper, on ““The Design of Trans- 
parenciés’’. He opened by considering briefly methods 
of calculating temperature distribution in transparent 
panels subjected to kinetic heating or cooling, and 
this led to discussion of the effects of non-uniform 
temperature distribution, differential expansion 
and the edge restraint preventing thermal deform- 
thermal stresses 
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ations. Methods of calculating 
were suggested, including the concept of ‘self- 
equilibrating’ temperature distribution, attention 


being concentrated on deriving simple engineering 
formule rather than on _ rigorous mathematical 
solutions. 

The choice of design cases for combined pressure 
and thermal loading was considered and it was shown 
that, in general, deceleration manceuvres combined 
with outward pressure constituted the design criteria. 
The effects of various parameters on the magnitude 
of thermal stresses were analysed. and it was shown 
that for a given material and panel geometry thermal 
stresses depended mainly on total temperature 
change, acceleration and the Biot number based on 
panel thickness. Practical design aspects such as 
choice of material, strength, panel geometry and 
mounting were also considered. Finally, testing of 
transparencies under pressure and thermal loading 
was briefly discussed, together with possible methods 
of strain measurement. 

During the discussion following this paper it was 
pointed out that transparencies have two somewhat 
unfortunate properties: they have a very high 
resistanee to heat flow, thus inducing high-tempera- 
ture gradients and high outer surface temperature, 
and the radiation effect is small. Some reduction of 
the outer surface temperature and temperature 
gradients could be effected by the use of double 
panels with cooling air between them, but it would 
not be practicable to cool externally the outer 
surface of the outer panel. 
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Surprise was expressed at Dr. Przemieniecki’s 
assumption of zero heat transfer into the cabin. It was 
stated that in fighters a large proportion of the heat 
entered the cockpit through the transparencies. On 
the suggested method of cooling the inter-space be- 
tween two panels it was thought to be difficult to get 
sufficient cooling potential in such a small space. Dr. 
Przemieniecki replied that although the assumption 
of zero heat transfer on the inside surface was an 
unrealistic case, it could be used effectively for 
design purposes. 

Another speaker remarked that the choice of 
materials for transparencies seemed to be very 
limited ; but he felt that although fused silica had 
definite merits, toughened soda-lime glass might still 
be considered favourably for use in civil airliners, 
where the temperature changes would not be rapid, 
and where temperatures were not so high that the 
glass lost its toughening. It was suggested to Dr. 
Przemieniecki that the use of transparencies in super- 
sonic aircraft was very limited and that retractable 
shutters could be a solution. Dr. Przemieniecki 
agreed, but thought that the engineering might be 
too difficult. He would prefer to have no windows 
at all in the passenger cabin and to use closed-circuit 
television to overcome passenger objections to such 
a move. Shutters could be used perhaps on special- 
purpose windows. 

The third paper, “‘Some Practical Aspects of 
Kinetic Heating Calculations’, was read by Mr. 
C. L. Bore (Hawker Aircraft, Ltd.). He considered 
some of the practical difficulties encountered when 
estimating kinetic heating effects for an aeroplane, 
as distinct from an idealized structure. Some of 
these difficulties arise in the estimation of heat 
transfer through the boundary layer. They may be 
due to the variations of Mach number and altitude 
or to the differences between the behaviour of real 
air and an ideal gas. Other difficulties arise from the 
interacting modes of heat transfer in the interior of 
a practical structure. 

He noted that transient temperatures can be 
found only by means of numerical methods, which 
have to be very adaptable and not too laborious. He 
outiined methods which have been found suitable 
for this type of problem and gave some _ typical 
results. 

Interest was expressed in the parameters chosen 
for presenting the aerodynamic data; but Mr. Bore 
was requested not to ask the aerodynamicists to 
produce charts showing the values of these para- 
meters over a range of Mach numbers. 

The final lecture, on ‘‘The Advantages and Limita- 
tions of the Use of Models’’, was given by Mr. A. J. 
Sobey (Royal Aircraft Establishment, Farnborough). 
He began his discussion on the prospective use of 
models by distinguishing between the small-scale 
work-piece used for extensive experiment in order to 
advance theory, and the replica used in a single 
representative test to verify design. For a structural 
test evaluation under a realistic thermal field the 
design of a suitable model was shown to be subject 
to a series of constraints imposed on the designer 
by the consistent scaling of essential physical 
properties. 

It was shown that scaling of thermal conduction 
imposed two constraints and internal radiation a 
third. The remaining degree of freedom in choice of 
scales vanished when the random variation of 
material properties with temperature forced an 
identity of temperature scales. 
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The important role of the internal heat transfer 
process was exemplified in a design study in which 
some of the relevant parameters were varied and 
broad conclusions for practical structures were 
suggested. 

In the discussion one speaker could not accept the 
academic idea of infinite accelerations used in the 
study ; but it was agreed that it had a valid appli- 
cation. It was thought that Mr. Sobey had given a 
rather depressing picture of the use of models for 
determining the thermal effects. Mr. Sobey agreed 
that models could not be devised to give full repre- 
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sentation, but the small-scale work-piece was a useful 
instrument of scientific research. 

In bringing the discussion to a close, the chairman 
remarked on the vital importance of understanding 
test technique in order to keep ahead of actual 
aeroplanes, and also noted that there were already 
numerous aeronautical devices flying successfully 
while suffering from quite severe kinetic heating 
effects. He concluded by saying that much was 
known about kinetic heating, but more knowledge 
was needed in order to refine designs for extreme 
efficiency. 


THE MATHEMATICAL ASSOCIATION 


HE annual general meeting and conference of 

the Mathematical Association was held at 
Southampton during April 8-11. Most meetings 
were held at the University of Southampton, although 
the programme included also a civic reception in the 
Guildhall, visits to a computation laboratory, to a 
tidal model of Southampton Water and to places of 
interest in the district. 

The presidential address, delivered by Prof. 
M. H. A. Newman, was entitled “What is Mathe- 
matics ? New Answers to an Old Question”. Prof. 
Newman thought it desirable to consider the meaning 
of mathematics and that the present is a particularly 
suitable time for such a review. There has rarely 
been a time when the work of mathematicians has 
been so strongly influenced and directed by their 
views on the nature of the subject. From the revival 
of mathematics in the sixteenth century until well 
into the nineteenth century, mathematicians, though 
they took an interest in logical criticisms of the 
foundations, did not allow themselves to be deflected 
by any such criticisms from doing what they pleased. 

Then, in the latter half of the nineteenth century, 
there began a more penetrating analysis of the founda- 
tions of mathematics than there had ever been 
before. 

Soon after the beginning of this century two new 
and strongly opposed views of the nature of mathe- 
matics began to be heard, views which agreed only 
in their rejection of the interpretation of the logical 
analysts. The ‘intuitionist’ views of Brouwer had a 
profound influence on our views about foundations, 
but had little effect on the direction taken by con- 
temporary mathematics itself. The views of Hilbert, 
on the other hand, have in fifty years led to a trans- 
formation of the whole aspect of mathematics. Prof. 
Newman said that the introduction of highly organ- 
ized axiomatic structures has brought extraordinarily 
rich rewards, in the shape of massive advances, for 
example, in algebraic geometry of any number of 
dimensions and in differential geometry, which were 
entirely beyond the reach of the mathematical 
methods of even twenty-five years ago. 

Following these reviews and a consideration of 
mathematical analysis, Prof. Newman asked what 
bearing these developments have on the problem of 
showing pupils at school the true nature of mathe- 
matics. He said that the underlying principle of 
axiomatic mathematics, namely, that methods of 
doing things are what most interest mathematicians, 
or that methods are the heart of mathematics, can 
have a direct influence on teaching. It implies 
that interest of mathematics 


the meaning and 


is to be sought in using and seeing it in action. There 
is no need to make clear the reason for each rule of 
calculation to the pupil before he starts to use it. 
Mathematics is a language, but it is now generally 
accepted that children should be taught to talk and 
read a language before they begin to learn the 
grammar. Boys and men become interested in 
machinery by seeing it in action and learning to use 
it. Then, if they are of an inquiring turn of mind, 
they find out how it works. Ifa boy, in the course of 
learning to use logarithms, gradually learns and under- 
stands a coherent body of facts about them, he has 
learnt some mathematics, even before he finds out 
that it all depends on indices. This, suggested Prof. 
Newman, is the essence of axiomatic mathematics : 
that the systematic development of deductions from 
abstract laws, and the study of the use that can be 
made of them, make a branch of mathematics. 

In another session members heard a vivid descrip- 
tion of the Southampton Port Operation and Informa- 
tion Service, with papers by Captain J. Andrew, 
harbour master at Southampton, and Mr. A. L. P. 
Milwright, head of the Ministry of Transport Radar 
Research Group at the Admiralty Signal and Radar 
Establishment. 

Mr. Milwright gave a technical description of the 
radar installation and Captain Andrew explained 
some of the valuable services that were being rendered 
in the co-ordination of the movements of shipping. 

The major session on April 10 was occupied with a 
discussion of the Association’s report, recently pub- 
lished, on mathematics in secondary modern schools. 

The report is particularly concerned with the mathe- 
matical ideas and teaching methods which are con- 
sidered suitable for the great bulk of the secondary 
school population between 11 and 15 years of age. 
These children may have shown no earlier sign of 
readiness for mathematics as an abstract study, or at 
least have not achieved the attainments in arithmetic 
traditionally associated with the ablest of their age 
group. There was no intention of offering a specific 
syllabus of work suited to modern school pupiis in 
general, since circumstances and personal qualities 
vary so greatly. The report does, however, suggest 
a wide variety of possible approaches to secondary 
school mathematics, and problems of organization, 
including syllabus making and the use of examina- 
tions, are fully dealt with. 

The report emphasizes the need for continuity in 
teaching the subject, and stresses the dependence of 
work in the secondary school upon that done in the 
primary school. Furthermore, the secondary school 
is increasingly influenced by the approaching end of 
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full-time schooling and by the demands of adult life 
as well as those of individual growth and need. The 
pupil’s own sense of values is increasingly based on 
his estimate of what will serve him in good stead 
in the future, rather than on what will bring him 
immediate satisfaction and approval. The report 
pays particular attention to the practical topic as a 
tcaching method and to remedial work. 

During the discussion, Dr. J. J. B. Dempster, 
deputy chief education officer at Southampton, said 
that greater contact between teachers in secondary 
modern schools and lecturers in technical colleges was 
imperative. The link between these institutions is 
tenuous because it is only recently that they have 
been in contact at all. 

The stimulus and incentive of a possible future in 
technical e”:.cation for the secondary modern school 
leaver could, however, help to raise the standard of 
mathematical teaching in the modern schools. Dr. 
Dempster believed that concentration on the more 
able children was necessary, but he hoped that we 
may ultimately get rid of the attitude that stresses 
caleulations, putting in its place the idea of mathe- 
maties as information. If pupils could be given a 
‘revelation’, a sudden awareness of what mathematics 
is about, much of the frustration felt by them and 
by their teachers might disappear. 

A description of the Pegasus digital computer at 


the University of Southampton was given by Dr. 
(. N. Lance, and this was followed by a paper by 
Dr. J. P. Cleave on the translation of languages by 
machine. Dr. Cleave explained that the science of 


mechanical now well established, 
particularly in the U.S.S.R., the United States and 
Great Britain. Stimulus to research comes from the 
presence of vast quantities of foreign technical (legal, 
economic, scientific, ete.) literature, which, through 
sheer volume, is beyond the capabilities of human 
translators. Human translators are rare, costly and 
relatively inefficient ; they may offer a stylistically 
polished work but it is often technically inexact. 
The specialist can, however, cope well with a crude 


translation is 


POSTGRADUATE TRAINING IN 
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translation provided the key technical terms are 
translated exactly. Dr. Cleave proceeded to show the 
magnitude of the task, explaining that a programme 
for mechanical translation must at least contain a 
dictionary of which a reasonable minimum working 
capacity is estimated at 10,000 words. This requires 
a reasonably fast access store of at least 20,000 
locations, which is several times larger than fast 
storage devices now available. In addition, the 
programme must include a series of instructions 
defining the translation operations in terms of shifting 
and comparison of symbols. Inflected languages 
and compound words, particularly the latter in the 


German language, also present problems. The 
present development of mechanical translations 


shows the extent to which the science has already been 
brought with inadequate equipment. When larger- 
scale storage techniques are perfected, translation 
wil] become a practical science. 

Other papers presented at the conference were on 
‘Plaited Polyhedra’””? by A. R. Pargeter, and the 
‘Mechanics of the Fun Fair” by Wing-Commander 
T. R. Cave-Browne-Cave. 

At the business meeting proposals to inaugurate an 
examination for a diploma in mathematics were wel- 
comed. Detailed syllabuses have still to be prepared, 
but the intention is that teachers (and perhaps others) 
might obtain a qualification by two years part-time 
study beyond the advanced level of the General 
Certificate of Education. It is anticipated that the 
next annual meeting of the Association will establish 
the diploma, the first examinations for which may be 
held in 1961. 

Elected as president for the coming year was Miss 
L. D. Adams, a former member of the Schools’ 
Inspectorate. Mr. F. W. Kellaway and Miss W. A. 
Cooke were re-elected as honorary secretaries, and 
Prof. R. L. Goodstein as librarian and editor of The 
Mathematical Gazette. The new honorary treasurer 
will be Mr. M. W. Brown, in succession to Mr. J. B. 
Morgan, who has held office for more than ten 
years. 


THE PUBLIC HEALTH ASPECTS 


OF NUCLEAR ENERGY 


f — existence of many newly developed sources of 

nuclear radiation, the greatly increased utilization 
of radioisotopes, and the disposal of radioactive 
wastes from nuclear fission are factors which con- 
stitute a risk not only for those who work with 
radiation sources and radioactive material but also 
for the general public. The dang rs are known and 
every effort must be made to limit them to the 
minimum; this will be largely by prevention. 
Workers in public health must, therefore, have 
appropriate knowledge of those aspects of the 
niclear-energy field affecting their own respons- 
ibilities, and must be ready, where necessary, to 
interpret this knowledge to the general public. The 
World Health Organization Committee on Pro- 
fessional and Technical Education of Medical and 
Auxiliary Personnel was asked to consider the sub- 
jects which should be included in the training sylla- 
buses for medical public health officers and other 
professional public health workers, to determine 
what degree of knowledge the various members of 


the public health team should possess, and to indicate 
suitable methods of providing instruction for per- 
sonnel who have finished their formal training and 
are already in service. 

In the introductory pages of its fourth report* the 
Committee discusses the problems of measuring 
radiation and of elucidating its biological effects. 
The public health aspects of peacefully used nuclear 
energy are then considered in their implications for 
the community ; they are analysed as (a) positive 
aspects (that is, diagnosis, and therapy with radio- 
active substances ; tracer uses of isotopes in biology, 
medicine, industry and agronomy; food and drug 
preservation and sterilization) ; (b) negative aspects 
(that is, protection from the routine hazards of 
radiation in medicine and industry; precautions 


* World Health Organization. Technical Report Series. No. 154: 
Post-Graduate Training in the Public Health Aspects of Nuclear 
Energy: Fourth Report of the Expert Committee on Professional 
and Technical Education of Medical and Auxiliary Persornel. Pp. 53. 
(Geneva: World Health Organization; London: H.%«. Stationery 
Office, 1958.) 2 Swiss francs; 3s. 6d.; 0.60 dollars. 
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against reactor accidents ; disposal of radioactive 
effluents) ; and (c) public health legislation on the 
contro] of such hazards. 

The Committee summarizes the responsibilities, in 
relation to the use of nuclear energy, of personnel in 
the various health disciplines—health officers, hos- 
pital administrators, industrial hygiene workers, 
sanitary engineers of all types, veterinary pubiic 
health workers, and laboratory and other technical 
personnel ; instruction in the field of nuclear energy 
should speedily be incorporated in graduate and 


RECORDING THE POSITIONS 


ORE than a century has elapsed since Maltwood! 

introduced his admirable ‘finder’, which enabled 
the, user to record the positions of objects on micro- 
scopical slides. Not many of the original Maltwood 
finders survive. Interest in the subject revived 
recently, when careful instructions for making similar 
finders were published?. 

An instrument of the same sort as Maltwood’s, 
but differing in details, has now been put on the 
market by Graticules Ltd. under the name of the 
‘England Finder’. This resembles in appearance an 
ordinary microscopical slide. When it viewed 
under a low power of the microscope, it is seen to be 
divided by rulings into a large number of squares. 
In the centre of each square a circle is inscribed ; 
each circle is distinguished by a letter and a number 
(for example, 731). The part of each square lying 
outside the circle is divided by vertical and horizontal 
straight lines into four equal parts, situated north- 
west, north-east, south-west and south-east of the 
circle ; these are labelled 1, 2, 3 and 4, respectively. 
The letters and numbers are clearly legible. 

When an interesting object has been found on a 
microscopical slide, it is brought into the centre of 
the field of view. It is necessary that the slide should 
lie against the horizontal bar of the mechanical stage, 
and should be pushed up against the lateral stop. 


is 
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postgraduate courses for public health students. 
The Committee recommends that the teaching con- 
tent of the courses should cover physical principles, 
biological principles, the application of nuclear 
energy and radiation, hazards and protection ; each 
of these subjects is considered at four teaching 
levels—an orientation course, an introductory course, 
an advanced course, and a specialist course. The 
compilation of a handbook of radiological health data, 
to serve as a reference manual for public health 
workers, was also proposed. 


OF MICROSCOPICAL OBJECTS 


The slide is then removed and the finder placed in 
exactly the same position. The finder is examined 
with a low-power objective. If one of the circles 
covers the centre of the field of view, its letter and 
number are recorded. If one of the corners of a 
square covers the centre, its number is recorded in 
addition to the letter and number of the circle enclosed 
in that square (for example, 31/2). One can at any 
time find the interesting position on the slide by 
bringing the recorded place on the finder into position 
and then replacing the finder by the slide. 

It is claimed by the manufacturers that their 
finders are all marked in exactly the same way, so 
that all give the same reading with the same object. 

Those who have tried both verniers and _ finders 
are likely to favour the latter, because the letters and 
numbers are so easily read, and also because the 
recorded positions do not relate to one particular 
microscope only, but are applicable to any instrument 
provided with a mechanical stage (or some substitute 
for this). The only disadvantage is that the slide 
must be removed temporarily while the reading is 
being made. The ‘England Finder’ can be strongly 
recommended. J. R. BAKER 
' Maltwood, T., Trans. Micro. Soc., 6, 59 (1858). 


* Bradbury, S., Galbraith, W., and Lyster, M. E., Quart. J. 
Sci., 97, 197 (1956). 


Micro. 


VERY LOW-FREQUENCY SPECTRA OF ATMOSPHERICS 
PROPAGATED THROUGH THE IONOSPHERE 


By TATSUZO OBAYASHI 


Hiraiso Radio Wave Observatory, Radio Research Laboratories, Nakaminato-shi, Ibaragi-ken, Japan 


T has been known for many years that atmospherics 

in the very low-frequency band can propagate to 
great distances. In recent years, however, there has 
been a renewed interest of this problem; many 
investigators have found an evidence of a pronounced 
absorption band at 2-4 ke./s., while for frequencies 
around 10 ke./s. there is little attenuation. Extensive 
studies have been made on wave-form characteristics 
as well as the amplitude frequency spectra of indi- 
vidual atmospherics!.?.. Their results showed distinct 
frequency spectra of atmospherics, indicating the 
existence of an appropriate mode of propagation and 
of the strong selective attenuation due to ionospheric 
influences. A new theory of very low-frequency 
ionospheric propagation, known as the mode theory, 
was suggested by Budden® in 1951, and further 
theoretical studies have been pursued, especially by 
Wait*®, who made an elaborate computation on the 
mode of ionospheric propagation and showed that the 


characteristics predicted by the theory accord well 
with the experimental facts. 

In this investigation, an attempt was made to 
obtain a more complete experimental proof of the 
mode theory. A new apparatus was developed record- 
ing continuously the frequency-spectrum of atmo- 
spherics. Two sets of radio spectroscopes covering 
the frequency ranges 1-10 ke./s. and 5-70 ke./s. 
were used; each set consisted of the conventional! 
very low-frequencies atmospherics receiver of super- 
heterodyne type, a frequency scanning device with a 
display unit comprising a cathode-ray oscillograph 
and a photographic motion camera. The band- 


widths of the scanner for the two very low-frequency 
bands were + 250c./s. and + 600c./s., respectively, and 
its frequency-scanning rate was about 10 c./s. Special 
attention was being paid to obtaining a flat frequency- | 
response of the receiver over the sweep-frequency range 
and a sharp cut-off for the rest of the frequencies. 
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calibrated by frequency markers 
and 10 ke./s. applied every 


The record was 
at intervals of 2 kce./s. 
hour. 

Observations of atmospherics using these spectro- 
scopes have been carried out here since June 1958. 
Simultaneously, the intensity of atmospherics at 

ke./s. has also been measured continuously. The 
results so far obtained appear to provide an excellent 
experimenta leonfirmation of the mode theory. 

Typical records are reproduced in Fig. 1, in which 
the light and dark portions indicate intense atmo- 
spherics and weak or no atmospherics respectively. 
Signals from radio stations are also recorded, which 
appear as white straight lines at, for example, frequen- 
cies of 17 and 38 ke./s. It is evident from these 
records that there exists a frequency-band of strong 
absorption for atmospherics propagation around 
2-4 ke./s. The intensity of atmospherics is maximum 
at about 10-20 ke./s. and it decreases towards higher 
requencies with undulating peaks. 

In discussing these frequency-spectra of atmo- 
spherics, it must be remembered that the period of 
sweep frequency (order of 0-1 sec.) is not long enough 
to cover the whole spectrum of individual atmo- 
spheries, which are usually less than a few milliseconds 
in duration. However, if it is assumed that numerous 
atmospherics are ooourring randomly within a short 
period of time, a long time-exposure of the film should 
reveal the relative amplitude-frequency spectrum in a 
statistical sense. 

By examining the records, it is found that night- 
iiine atmospherics are much less intense and extend 
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Frequency spectra of very low-frequency atmospherics. 
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™ 
There 


exists a strong absorption 


to wider 
those of day-time. 


band at 2-4 ke./s. and 
certain clear strips of 
intensity in the higher 
frequencies, which are 
changing regularly with 
the local time. As shown 
in Fig. 2a the short dis- 
tance atmospherics (prob- 
ably from sources 
than 500 km. distant) do 
not show such frequency 
characteristics. Therefore, 
the general features stated 
above should be restricted 
distance atmospherics, which may be 
strongly influenced by the ionospheric conditions. 
The observed fact that the maximum intensity 
of atmospherics lies in the frequency range around 
10 ke./s. confirms the earlier result, which was 
based on numerous studies of wave-forms and field 
intensity measurements of distant atmospherics. 
By scanning the film records with a photo-electric 
scanner, the photographic pattern displayed by 
intensity-modulated plots was converted to a 
measure of the amplitude of the atmospherics. 
Typical amplitude-frequency spectra at night- and 
day-time are shown in Fig. 3. The night-time 
spectrum has its maximum at about 8-10 ke./s. 
and the intensity decreases with frequency in undulat- 
ing peaks, while the day-time spectrum has a smooth 
lower maximum at about 15 ke./s. These two types 
of the spectrum interchange rather distinctly at 
local sunrise and at sunset. The night-time pattern 
is shifted towards higher frequencies as shown in 
Fig. 2b although the sunset transition is less clear. 
These characteristics of the amplitude-frequency 
spectrum of atmospherics appear to support the wave- 
guide mode theory whereby very low-frequency 
radio waves are propagated to great distances by 
multiple reflexions in the wave-guide bounded by 
the Earth and the ionosphere**. An essential part 
of ‘this theory is the existence of definite cut-off 
frequencies in the mode of wave-guide propagation. 
If we consider space between the ground and 
ionosphere as a wave-guide, then the cut-off wave- 
length is given by 2h/n, where n is the integer specify- 
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ing the number of the mode and fh is an effective 
reflecting height of the ionosphere. When the 
boundary of the wave-guide is not perfectly con- 
ducting, as is the case with the actual ionosphere, the 
cut-off wave-length is not sharply defined and the 
effective reflecting height of the ionosphere would 
becoms higher. 

From the above consideration, the absorption band 
observed at 2—4 ke./s. may be regarded as the effect 
due to an ionospheric cut-off of the fundamental 
mode, as suggested by Budden. The dawn effect of 
the frequency-spectrum, which appears as the shifting 
of the maximum intensity bands towards higher 
frequencies, could be explained as the lowering of the 
ionospheric height or else the increase of the conduct- 
ivity in the lower ionosphere. On the other hand, 
it is already known from a number of experiments 
that the reflecting height varies consistently from 
90 km. at night to 70 km. during the day*®. Therefore, 
this agrees well with the present conclusion. 
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There is an another interesting fact, lending further 
support to the mode theory. This is the relation 
between the sudden enhancement of atmospherics 
(SEA), and sudden ionospheric disturbances (SID). 
An intense solar flare occurred at 13h. 35m., August 
16, 1958, which was associated with a pronounced 
sudden enhancement of atmospherics in the record of 
field intensity of atmospherics at 27 ke./s. The record 
of frequency-spectrum during this period is repro- 
duced in Fig. 2c. A sudden shift of the frequency- 
spectrum at the beginning of the solar flare is evident ; 
the band of strong intensity was around 10-20 kc./s. 
up to the beginning of the flare, as is usual in day-time, 
and then at 13h. 35m. the band of strong intensity 
shifted towards higher frequencies of 15-30 kc./s. 
Consequently, at the higher frequencies in the very 
low-frequency band the intensity of distant atmo- 
spherics is enhanced, while at the frequency about 
10 ke./s. or less a sudden reduction in intensity occurs. 
This confirms the result of Gardner’. Since it is 
known that during sudden ionospheric disturbances 
the electron density in the lower ionosphere is 


increased and its height is lowered considerably, 
these facts are consistent with the explanation 


that the reduction of field intensity in the lower 
very low-frequency band is caused by the cut-off 
moving towards slightly higher frequencies, while 
in the frequencies above the cut-off the intensity 
is enhanced considerably owing to the good 
reflexion condition in the lower edge of the iono- 
sphere. 

1Chapman, F. W.,and Matthews, W. D., Nature, 172, 495 (1953). 

? Chapman, F. W., and Macario, R. C. V., Nature, 177, 930 (1956). 

3 Budden, K. G., Phil. Mag., 42, 1 (1951). 

* Wait, J. R., Proc. Inst. Radio Eng., 45, 760 (1957). 

5 Wait, J. R., Proc. Inst. Radio Eng., 45, 768 (1957). 

® Waynick, A. H., Proc. Inst. Radio Eng., 45, 741 (1957). 

7 Gardner, F. F., Phil. Mag., 41, 1259 (1950). 


COMPARATIVE EFFECTS OF HEAT ON CHROMATOGRAPHY AND 
ULTRA-VIOLET ABSORPTION OF DEOXYRIBO- OR 
RIBO-NUCLEIC ACIDS 


By Dr. SAUL KIT 


Department of Biochemistry, University of Texas M. D. Anderson Hospital and Tumor Institute, Houston, Texas 


HERE is considerable evidence to suggest that 

the deoxyribonucleic acids (DNA) represent 
linear, unbranched molecules in which two comple- 
mentary helical polynucleotide chains are twined 
around one another!?. As proposed by Crick and 
Watson’, the two chains are held together by hydrogen 
bonds between bases, each base being joined to a 
companion base on the other chain. The pairing of 
bases is specific, adenine going with thymine and 
guanine with cytosine. Lawley‘ has observed that 
when solutions of deoxyribonucleic acid are heated in 
neutral saline solution at temperatures of 80° or 
greater and then cooled to room temperature, the 
optical density in the ultra-violet is increased by 
about 30 per cent. Table 1 illustrates this effect 
for various samples of tumour or normal spleen 
deoxyribonucleic acid. In the presence of sodium 
ions, there is no change in the shape of the absorption 
curves but the extinction coefficient increases at the 
wave-lengths 230-280 my. Since it is unlikely that 


such treatment breaks phosphodiester bonds, the 


increased optical density has been attributed to: 
(a) the breaking of the hydrogen bonds between pairs 
of bases and the separation of sections of the two 
polynucleotide chains; (b) a rearrangement of the 








Table 1. EFFECT OF HEAT ON NUCLEIC ACID ABSORPTION IN ULTRA- 
VIOLET 
a en ee ee 
Deoxyribo- Ribonucleic 
Tissue nucleic acid acid 
Per cent of control value 
Ehrlich 128 115 
Lettre-Ehrlich 137 111 
Lettre-Ehrlich ~ | 109 
(sucrose—citrate extract) 
6C3HED-DBA to C3H 130 98 
6C3HED-DBA - | 113 
6C3HED 134 | 
E9514A 135 
Leukemia No. 10 135 
Spleen 128 


Heated 1 hr. at 100° at pH 7, 0-01 M or 0-05 M sodium chloride, 
0-005 per cent solution of nucleic acid and then cooled to room tem- 
perature. Optical density read at 258 mu with Beckman DK-2 
spectrophotometer. 
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more flexible single chains to configurations in which 
the purine and pyrimidine rings are no longer super- 
imposed‘. The conclusions of Lawley are generally 
supported by physical chemical studies of solutions 
of heated deoxyribonucleic acid although the exact 
results which are obtained depend on the concentra- 
tion of the acid or ions in the solution?>. 

The chromatographic profiles on cellulose-anion 
exchange resins of deoxyribonucleic acid are also 
markedly modified by brief periods of heat treatment® 
(Fig. 1). Most of the heated deoxyribonucleic acid 
can be eluted from the resins by 0-8 M sodium 
chloride although higher salt concentrations and 
increased alkalinity are required for the elution of 
the untreated samples. As the relative ease of elution 
of mixtures of deoxyribonucleic acid from anion 
exchangers is in part a function of the molecular 
weight or state of aggregation of the molecules’-*® the 
chromatographic results suggest that molecules of 
reduced molecular weight are generated as a result 
of the cycle of heating and cooling. 
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Fig. 1. Effect of heat on chromatography of leukwmia No. 6 deoxy- 

ribonucleic acid. Approximately 3 mgm. of the acid was applied 

to each column. Recovery of deoxyribonucleic acid on control 

column, 111 per cent ; heated sample, 105 percent. 5 c.c. aliquots 
collected, 6 aliquots per eluting solution 

Although ribonucleic acids from many sources 
have been examined by physical methods within the 
last few years, no clear-cut and consistent picture of 
the configurational properties has materialized?!.1!, 
It is therefore noteworthy that the effect of heat on 
the optical density and chromatographic profiles 
of ribonucleic acid are in marked contradistinction 
to that of deoxyribonucleic acid. 

Ribonucleic acid was prepared from the same 
sourees as the samples of deoxyribonucleic acid by 
modifications of Kirby’s method!?.!3, The ribonucleic 
acid was extracted with 8 volumes of 0:01 M sodium 
chloride and 8 volumes of 90 per cent phenol contain- 
ing 10 per cent m-cresol. All operations were carried 
out in the cold room (about 6°) and the ribonucleic 
acid was dissolved in 0:01 M sodium chloride rather 
than water at each of the reprecipitation steps. 
When these samples were heated for 1 hr. at about 
100°, in neutral saline solutions (0-05-0-5 M sodium 
chloride) a 20 per cent increase of the optical density 
was observed (Fig. 2). Hall and Doty found a similar 
increase in the case of calf liver microsomal ribo- 
nucleic acid. On cooling to room temperature, the 
optical density is reduced to about 10 per cent 
above the control value (Table 1). These observations 
are consistent with the view that intra- and inter- 
chain attractions in ribonucleic acid arise from 
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Fig. 2. Effect of heating (100° for 20 min.) and subsequent cooling 

to room temperature on the optical density at 258 my of Ehrlich 

ascites tumour ribonucleic acid. The acid samples were dissolved 

in neutral saline solutions (0:05 M-0°5 M sodium chloride) at a 

concentration of 0-004 per cent ribonucleic acid. The Beckman 

DK-2 spectrophotometer was used to record the optical density 
between 300 and 240 mu 


hydrogen bonding between purine and pyrimidine 
bases, but that the fraction of the base pairs involved 
in hydrogen bonding is relatively unchanged by the 
heating cycle. Indeed, the first heating cycle of 
freshly prepared ribonucleic acid shows the same 
results as successive cycles, in contrast with deoxy- 
ribonucleic acid, where the optical density never 
returns to the original value after the first heating". 
Ribonucleic acid which was prepared from a 0-25 M 
sucrose—0-01 M citrate extract of the tumour cells gave 
the same results after heating as the total ribonucleic 
acid of the celts (Table 1). 

Preparations of ribonucleic acid have been chrom- 
atographed after the samples were heated in neutral 
salt solution for 15 min. at 100° and cooled to room 
temperature (Fig. 3). Again, unlike that of the 
deoxyribonucleic acid, the chromatographic profiles 
of the heated ribonucleic acid were unchanged from 
that of the controls. These results add validity to 
recent suggestions that the ribonucleic acid consists 
of a single-stranded polynucleotide chain1.14-16, 
They are also consistent with the speculative models 
in which a single-stranded molecule of ribonucleic 
acid is visualized as functioning in the initial transfer 
of coded information from double-stranded molecules 
of deoxyribonucleic acid!?.}8, 
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Fig. 3. Effect of heat on chromatography of tumour (6C3HED- 

DBA/80)-ribonucleic acid. Approximately 3 mgm. of the acid 

were applied to each column. Recovery of ribonucleic acid: 
control, 75 per cent ; heated sample, 78 per cent 





38 


I wish to acknowledge the technical assistance of 
Arthur Gross, Frank Broo and Henry Szwartz. 
This work was aided in part by grants from the 
American Cancer Society (P-35), the Leukemia 
Society Inc., and the National Cancer Institute 
(C-4238). 
1 Crick, F. H. C., Proc. U.S. Nat. Acad. Sci., 40, 756 (1954). 
2 Shooter, K. V.,““Prog. in Biophys. and Biophys. Chem.”, 8, 309 (1957). 
’ Crick, F. H. C., Symposium on the Chemical Basis of Heredity, ed. 
by W. D. McElroy and B. Glass, 532 (Johns Hopkins Press, 
Baltimore, 1957). 
‘ Lawley, P. D., Biochim. Biophys. Acta, 21, 481 (1956). 
5 Dekker, C. A., and Schachman, H. K., Proc. U.S. Nat. Acad. Sci., 
40, 894 (1954). 
¢ Bendich, A., Pahl, H. B., Rosenkranz, H. S., and Rosoff, M., Symp 
Soc. Exp. Biol., 12, 31 (1958). 


NATURE 


July 4, 1959 VoL. 184 


7 Bendich, A., Pahl, H. B., and Beiser, S. M., Cold Spring Harbor 
Symp. Quant. Biol., 21, 31 (1956). 

aoe 1 di Mayorca, G., and Bendich, A., Nature, 180, 1355 

4). 

* Bradley, D. F., and Rich, A., J. Amer. Chem. Soc., 78, 5898 (1956) 

‘0 Watson, J. D., Symposium on the Chemical Basis of Heredity, ed. 
by_W. D. McElroy and B. Glass, 552 (Johns Hopkins Press, 
Baltimore, 1957). 

1 Hall, B. D., and Doty, P., First Symposium, Biophysical Society, 
ed. by R. B. Roberts, 27 (Pergamon Press, New York, 1958). 

12 Kirby, K. S., Biochem. J., 64, 405 (1956). 

8 Kirby, K. S., Biochem. J., 66, 495 (1957). 

Hart, R. G., Biochim. Biophys. Acta, 28, 457 (1958). 

16 Gierer, A., Z. Naturforschung, 18b, 477 (1958). 

16 Commoner, B., Shearer, G. B., and Strode, C., Proc. U.S. Nat. Acad. 
Sci., 44, 1117 (1958). 

17 Zubay, G., Nature, 182, 112 (1958). 

18 Stent, G. S., “Adv. in Virus Res.”’, 5, 95 (1958). 






MECHANISM OF THE ATHEROGENIC ACTION OF 
EXCESS HYDROCORTISONE 


By Dr. HENRY GROSSFELD 


Department of Orthopedic Surgery, College of Physicians and Surgeons, Columbia University 


N animal experiments, adrenocortical steroids can 

act by eliciting vascular damage!'-*. In man, high 
thereapeutic doses of adrenocortical steroids lead to 
arteriosclerosis. In Cushing’s syndrome, excess 
adrenocortical steroids produce severe arteriosclero- 
sis. Other factors possibly involved in atherogenesis, 
for example, steroid diabetes, and ‘stress’, show 
hyperplasia and hyperfunction of the adrenal cortex, 
and have been assumed to act via the adrenal 
cortex. Therefore, progress achieved in the elucida- 
tion of the mechanism of action of adrenocortical 
steroids might shed new light on problems of athero- 
genesis. 

The protein-catabolic effect of ‘ -1l-oxygenated 
steroids, and the stimulation of glyconeogenesis from 
amino-acids are firmly established results of experi- 
ments on animals and man, but no conclusive evidence 
had been obtained on the question whether gluco- 
corticoids affect the rate of oxidation of glucose. On 
ono hand, glucocortical hormone promotes the normal 
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function and survival of the intact cell, as demon- 
strated by its action on adrenalectomized ‘adynamic’ 
animals, and in Addison’s disease ; but on the other 
hand, excess glucocorticoid action causes inhibition 
of growth and of wound healing, and disruption of 
cellular structure, for example, destruction of 
lymphatic tissue and of thymus. 

An investigation into the direct action of gluco- 
corticoids on respiration and aerobic glycolysis of 
cultured cells has been carried out, in order to obtain 
more information on the action of cortical steroids on 
energy production. The methods used were described 
elsewhere‘. In one group of experiments, a single 
dose of hydrocortisone in high concentration added 
to a cell suspension in the Warburg vessel before its 
transfer to the manometric bath caused inhibition 
of respiration coupled with increase of aerobic glycoly- 
sis (Table 1). Hydrocortisone in the same concentra- 
tion added in a single dose to cultured cells caused 
growth inhibition averaging 40 per cent for 125 
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Concentration | 





No. y/ml.* 
Z p Ree See ee ee ap dee oda erst Slow 12 
i 4 150 81 —128 —144 —143 
| 0 | =—<915 —166 —214 —221 
2 125 —55 —102 —130 —146 
| 0 —88 —155 225 —258 
3 | 100 87 —141 —163 —253 
0 | —99 —175 —187 —269 
4 | 60 i =o 72 ~106 —113 
| 0 we... —110 ~139 —149 
5 | 125 —18 —50 —62 —62 
0 —41 —157 240 $18 
6 125 —19 28 —47 Bis 
| 0 | —44 -70 —98 = 
| 
7 | 125 —21 33 —36 —45 
0 —40 —57 —84 —67 
| 


* Single dose added to the Warburg flasks. 
+ After subtraction of respiratory carbon dioxide. 


ml., as determined by enumeration of cell nuclei. 
In a second group of experiments, hydrocortisone in 
concentrations of about 0-50-1-50 y/ml. added to 
cultures three times at intervals of 2-3 days 
caused stimulation of respiration (Table 2). 
he mineralocorticoid deoxycorticosterone showed a 
considerably smaller effect than hydrocortisone 
(Fig. 1). 

These results indicate that hydrocortisone in 
lower concentrations, by stimulating respiration 
increases energy production and thus enhances 
work efficiency. In excess hydrocortisone, respira- 
tion is depressed, glycolysis increased, and sugar is 
also synthesized from amino-acids. At the same time, 
inhibition of protein synthesis by excess hydrocorti- 
sone may lead to impairment and damage of cellular 
structure, perhaps by depletion of structural protein. 
In insufficient respiration, hydrocortisone in high 
concentration appears to be instrumental in causing a 
shift towards more anaerobic utilization of sugar. 
This would agree with findings of hyperfunction and 
hypertrophy of the adrenal cortex during strenuous 
work for which anaerobic energy is utilized’. 

It has been found that fibroblasts derived from 
various organs produce in vitro vavious patterns of 
acid mucopolysaccharides*-*. The chemical differen- 
tiation of fibroblasts is maintained for long periods 
of time only in primary cultures (up to now for more 
than two years), while replicate cultures of cell strains 
of mesenchymal origin irreversibly lose the ability 


Table 2. 


Concentration 
f * 


No. y/ml 1 
1 1-50 = A81 
0 133 
2 1-50 -193 
| 0 -141 
3 1-50 -130 
0 94 
4 2-00 —176 
| 0 —97 
} 5 0°50 78 
0 —67 
6 | 1-25 72 
| 0 -47 


Oxygen consumed (yl.) after hr. : 
2 3 4 
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Table 1. ACTION OF A SINGLE GROWTH-INHIBITORY DOSE OF HYDROCORTISONE ON RESPIRATION AND AEROBIC GLYCOLYSIS 


Carbon dioxide (ul.) evolved after hr.t: 
2 3 + 








5 p | 1 
-~. |, 2 +33 +28 +19 = 4 
— | 0 0 0 0 = | 
—146 | +88 +40 +72 +82 +86 | 
—280 0 0 0 0 0 
— | +46 +131 +143 +123 _ 
— | 0 0 ( 0 soul 
_— | +52 +138 +149 +169 a 
— 0 0 0 0 ee 
—73 +69 +110 +83 +65 +45, 
—362 0 0 0 0 0 
— | +96 +185 4134 aa = 
= +21 +50 +25 a ze 
— 4-68 +113 +153 +141 ~- 
= +16 +40 +25 +17 —= 


to produce mucopolysaccharide. Indeed, there is a 
parallelism between loss of chemical differentiation 
(that is, production of mucopolysaccharides) and 
increase of ratio of aerobic glycolysis to respiration®. 
It is suggestive that depression of respiration (coupled 
with release of aerobic glycolysis), leading to loss of 
differentiation, may be involved in the atherogenic 
effect of excess hydrocortisone, which has been 
shown to depress respiration and stimulate anaerobic 
metabolism. In fact, depression of oxidative meta- 
bolism in arteriosclerotic!® and in aged!! arteries 
has been reported. Depression of respiration, with 
release of aerobic glycolysis, in addition to vascular 
damage, could thus be demonstrated in arteries 
of rats treated with large atherogenic doses of 
hydrocortisone. 

Two more diseases of endocrines which normally 
are involved in carbohydrate metabolism, namely, 
thyroid and islets of Langerhans, may also become 
involved in the pathogenesis of arteriosclerosis. 
Myxcedema invariably leads to severe arteriosclerosis. 
There is evidence of increased susceptibility of the 
thyroid-deficient animal and person to arteriosclero- 
sis. In senescent animals, the thyroid is reduced in 
Aloxan diabetes leads to arteriosclerosis in 
Diabetes considerably increases the incidence 
of arteriosclerosis in man. A considerable degree of 
hypertrophy of the adrenal cortex, resembling 
adenomas in Cushing’s syndrome, has been found in 
diabetic arteriosclerosis'*. The connexion between 


size!?, 
rats?*. 


ACTION OF LOWER CONCENTRATIONS OF HYDROCORTISONE ON RESPIRATION 


Oxygen consumed (y!.) after hr. : 
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depression of respiration and hypersecretion of 
adrenal cortex can also be seen in the demonstration 
of increased adrenal weights in rats maintained at a 
depressed oxygen supply’. 

It has been assumed that glycolysis, ceteris paribus, 
may provide a more adequate environment for fatty 
acid synthesis than respiration. In fatty acid synthe- 
sis, acetyl-S-coenzyme A is reduced by reduced 
diphosphopyridine nucleotide and the reaction pro- 
ducts are diphosphopyridine nucleotide, beta- 
hydroxybutyryl-S-coenzyme A and reduced coen- 
zyme A. The cycle of reactions is repeated eight times 
until stearyl-coenzyme A is formed. Fatty acid 
synthesis requires thus the participation of reduced 
pyridine nucleotide. Since oxidation of lactate is 
coupled with reduction of diphosphopyridine nucleo- 
tide, the ability of lactate to regenerate reduced 
pyridine nucleotide might be an important factor in 
stimulating lipogenesis’®!*. This assumption is 
compatible with the finding that in tissue-cultured 
cells in which relatively high glycolysis is a character- 
istic feature of carbohydrate metabolism, there is a 
striking tendency to augmentation of cytoplasmic 
lipid. 

Other examples show a relationship between high 
glycolysis and fatty acid synthesis. Cells in tissue 
culture exposed to the action of hydrocortisone in 
high concentration show more cytoplasmic lipid than 
control cultures!*-"1, Large amounts of higher fatty 
acids, in addition to lactic acid, were found in worms 
producing about six times more glycogen in fermenta- 
tion than in respiration®®. There is a striking accumu- 
lation of lipid in the cytoplasm of chondrocytes in 
cartilage with high rate of glycolysis. It is tempting 
to correlate the high glycolysis rate found in normal 
human arteries—51 per cent of total glucose utiliza- 
tion®*—with the accumulation of lipid in human 
arteries of healthy individuals of all ages, including 
infants**. It is suggestive that the amount of lipid 
in arteries increases with the increase of ratio of 
aerobic glycolysis to respiration. 

Several kinds of tissues with predominantly 
anaerobic metabolism are known, such as, for example, 
lens, cartilage, human sperm, intestinal mucosa. 
Other tissues, such as heart muscle, have an almost 
exclusively oxidative metabolism. Still other tissues, 
for example, testis, brain, medulla of kidneys, pitui- 
tary, arteries, possess both respiratory and fermenta- 
tive systems®. They possess a regulative device 
which enables them to use either their anaerobic or 
their aerobic system. They are equipped with a 
switch mechanism (their ‘Pasteur effect’) which keeps 
fermentation from functioning so long as the respira- 
tory system supplies sufficient energy, but may 
throw it into operation in emergency when energy 
supply from respiration is either blocked or is too 
slow. It has been presumed that hormonal action 
might be involved in such regulations®®. Muscles 
suddenly put under strain must rely predominantly 
on a supply of anaerobic energy**.**, and there is no 
basic difference in energy metabolism between 
striated and smooth muscles**. There are indications 
that adrenocortical steroids may be instrumental 
in the switch from oxidative to fermentative meta- 
bolism2?. Anaerobic glucose utilization was found 
to be, to a significant extent, the source of energy for 
the work of arteries?*. It is suggestive that the ratio 
of aerobic glycolysis to respiration in arteries depends 
on the extent of blood flow needed for the organ sup- 
plied by the arteries, and on the oxygen tension of 
the blood. 
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Let us consider as an example the coronary arteries 
of the heart. The metabolism of the heart muscle is 
strictly oxidative. Of the total myocardial oxygen 
used, 16 per cent is for glucose oxidation, 17 per 
cent for lactate oxidation and 67 per cent for oxidation 
of fatty acids which are derived from blood lipids?®. 
Alimentary lipemia would result in an increase in 
the contribution of fatty acids to the oxygen con- 
sumption of the heart. The oxygen extraction of the 
heart muscle is maximal. Therefore, the response of 
the heart to increased demands of oxygen must con- 
sist in an increase of coronary blood flow. The 
response to anoxia with lactic acid production in the 
heart muscle is obtained only in its severest forms, 
for example, in hemorrhagic shock, or ventricular 
fibrillation. An increase of oxygen demand during 
exercise necessitates an increase of coronary blood 
flow, which in part must be carried out by increased 
work of the coronary arteries. This additional work 
of the arteries requires an additional supply of energy. 
The source of such additional energy cannot be 
aerobic, since it is designed to make possible produc- 
tion of aerobic energy by increased blood flow. 
(Blood flow through the vasa vasorum also depends 
on heart muscle work.) 

It must thus be postulated that the coronary 
arteries are able to increase the utilization of anaerobic 
energy when increased flow to the heart muscle is 
required for the supply of more oxygen. In fact, as has 
recently been found*’, anaerobic energy accounts for 51 
per cent of the total energy production in arteries. 
It is suggestive that the extent of anaerobic energy 
production in the coronaries increases in proportion 
to the extent of relative hypoxia. It would appear 
that so long as the ratio of anaerobic to aerobic 
metabolism is not too high, their work remains 
unimpaired. But if certain as yet unidentified steps 
of oxidative metabolism are permanently depressed. 
anaerobic metabolism becomes the main source of 
energy supply, which is less economical and in some 
respects inferior to the normal arterial metabolism. 
It may perhaps give rise to increased formation of 
cytoplasmic lipid. It might eventually impair the 
functional and = structural cellular  integrity?.3}, 
In that regard, the following possibilities should be 
considered. Cell differentiation presumably requires 
the presence of intact organized respiratory enzyme 
systems. When cells normally deriving part of their 
energy from oxidation are forced by environmental 
conditions, such as relative hypoxia or by damage to 
certain enzymes, to use anaerobic energy only, 
pathological alterations may eventually result. In- 
creased anaerobic metabolism in the coronaries, 
stimulated by excess hydrocortisone, is associated 
with excessive proteolysis, which may cause depletion 
of functional protein and interfere with re-synthesis 
of enzyme systems. Extensive depletion of storage 
and of functional protein under the influence of excess 
hydrocortisone has been reported®. 

These general concepts, which have evolved in the 
course of experimental work, were conceived only as a 
tentative approach to some problems of atherogenesis. 
They are not new, since they were anticipated in 
1876 by Louis Pasteur. The basic difference between 


respiration and fermentation as expressed in cell 
morphology and the efficiency of performance of 
specific cell functions was noted by Pasteur when he 
described his famous observations as follows: ‘In 
the absence of air, yeast cells deteriorate, become 
granular, form proturbances which disintegrate, and 
eventually degenerate. 
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of air makes them recover and rejuvenate. This 
quality is more or less inherent in all plant and 
animal cells”. ‘“‘... Respiration maintains youth and 
economical life of cells. If air is not renewed at all, 
the vital activity originally acquired by the cells 
under its influence is gradually exhausted and at 
the end fermentation itself may be extinguished.” 
. The possibility to live without air is accompanied 
by morphological alterations which are the more 
profound, the farther that quality has developed.” 
‘“T should not be surprised if in the mind of an atten- 
tive reader a presentiment would arise about the 
causes and explanation of that great mystery of life 
which in our ignorance we call youth and ageing’’®?, 
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OPTICAL ACTIVITY OF STERCOBILIN AND d-UROBILIN 


By Pror. C. H. GRAY, P. M. JONES, Dr. 


W. KLYNE and Dr. D. C. NICHOLSON 


Departments of Chemical Pathology at King’s College Hospital Medical School, London, S.E.5, and at the 
Post-graduate Medical School, Hammersmith, London, W.12 


HE identification of the structural factors respon- 
sible for the optical activity of the urobilinoid 
pigments presents an interesting problem in stereo- 
isomerism. Some properties of the five pigments at 
present known are summarized in Table 1; their 
structures are shown in Fig. lI. Laevo-rotatory 
enantiomorphs of d-urobilin and d-urobilin [X«, 
which are present in the racemic forms of these 
pigments, have not yet been isolated. (The use of 
the prefix d- to indicate a dextro-rotatory compound 
is now contrary to standard practice in organic 
chemistry ; it has, however, become customary 
in this particular field.) 
Although the molecular structures of stercobilin 
and d-urobilin are known’, their stereochemistry and 
the origin of their optical activity remain obscure. 


Optical activity might conceivably arise from non- 
planarity of the system of four pyrrole nuclei; this 
possibility can, however, be excluded since biliverdin 
and bilirubin, which have no asymmetric carbon 
atoms, are not optically active. Asymmetric carbon 
atoms are present in one «-position of each of the 
terminal pyrrolidone rings (in stercobilin) and pyrroli- 
none rings (in d-urobilin) ; in stercobilin there are 
also asymmetric carbon atoms in the £-positions of 
the end rings. Urobilin [Xa may then be either a 
racemic d-urobilin IX« or a meso-like compound in 
which the two asymmetric carbon atoms exert 
opposite effects. 

Stercobilin retains its optical activity even on 
treatment with warm potassium ¢-butoxide, while 


d-urobilin is rapidly racemized in 1-25 N aqueous 


Table 1* 





Pigment Source 


i Molecular formula 


4max. for solution of hydro- | 
chloride in CHCl3r 


(4M) p for hydro- 


| chloride in CHCl, 





Human feces (1) and urine (2) 

Human feces (5) after antibiotic therapy 
and in biliary infection (6) 

d-Urobilin by treatment with alkali (8) 


Stercobilin 
d-Urobilin 


Racemic d-urobilin 











Urobilin-IXa Probably human (9) feces, synthesis (10) | CssHO.N, (12) 496-497 (4) Inactive 
and in vitro dehydrogenation of meso- 
bilirubinogen (11) 

d-Urobilin [Xa Tetrahydro-d-urobilin by dehydro- CssH 2.O0.N, 499 (4) +29 x 10% (8) 
genation (8) (assumed) 


CssH4.0.N, (3) 
CssHwOeN. (7) 


CssHa O.N ‘ 
(assumed) 


496-498 [8-75 x 10*] (4) 
499 [8-5 x 10] (4) 


499 (4) 


| — 24 x 10° (5) | 
| + 29 x 10° (5) 
| | 
| | 
| 
| 


Inactive (8) 














* Figures in parentheses are reference numbers, 
t Figures in square brackets are extinction coefficients. 
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alkali at room temperature. This difference between 
the two pigments may be explained by the effect 
of the extra unsaturation in facilitating the ionization 
of the hydrogen atom bound to the asymmetric 
carbon atom in d-urobilin. Examples of simple 
optically active pyrrolidone compounds with one 
asymmetric carbon atom are 5-carboxypyrrolid-2-one 
(pyroglutamic acid) and its ethyl ester™, which 
resemble the end rings of stereobilin without the 
3-substituents. The possibility of optical contribu- 
tion by other structural features in the urobilins is 
being explored. 

The large molecular rotations of the urobilinoid 
pigments’. at the sodium D-line (589 mu) are a 
consequence of the fact that their absorption bands 
(~ 500 my) are close to this line. The availability of 
a spectropolarimeter!? led us to measure optical 
rotatory dispersion curves for stercobilin and 
d-urobilin (Fig. 2) from 620-470 my. These curves 
show that the antipodal relationship of the rotations 
of these two pigments is more extensive than is 
evident from their effects solely on sodium light. The 
typical ‘Cotton effect’ curves’, with marked changes 
in opticu! rotation near the absorption maximum, 
show that the groups responsible for light absorption 
also affect rotation’®.*°, | The dipyrrylmethene group 
which is responsible for the main spectral absorption 
band of the urobilins*®!.2? must also, therefore, be 
chiefly responsible for their optical activity at about 500 
mu. Further work on other derivatives is in progress. 

It is interesting to note that in stercobilin the two 
centres of asymmetry adjacent to the dipyrryl- 
methene (DPM) groups are each attached to H, NH, 


STERCOBILIN 
M E M 5g - M M E 
: 


H —H —-— <== H -H 
H } H 
a ae Ce Oe ge Oe 8G 
H H H 
d-URoBILIN 
M E M P Po oM M Vv 
H | H | 
ee 4 I F 
coe ee CO lUCCee” CC Con, Co 
H H H 
or, 
MeoO«r ueo6€«*P P oM M E 
! . ; 
H Of 
:, - a ~ “oa ~ a oe 
H H 


or these structures with interchanged end-rings) 


Urositin-IXa anp d-Urosiiin-I[Xa 


M E M P P M M E 
rest T a ee 
é A 4 Yy / / 
O a H, ol CH eal CH, _~  % 
H H H 
Fig. 1. Key: M, CH,; 2, CH,CH,; P, CH,CH,COOH; 


¥, CH: CH, 
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Fig. 2. Rotatory dispersion curves, measured in chloroform 
solution; about 5 x 10°* M; 1 dm. tube; values are plotted 
as molecular rotations [M] {a] x mol. wt./100. Error for [M] 
about + 5,000°. A, stercobilin hydrochloride; B, d-urobilin 


hydrochloride 


CH,—DPM, and a saturated alkyl group ; here the 
amplitude!’ of the Cotton effect is moderate (~ 130 x 
10°). In d-urobilin, on the other hand, the centres of 
asymmetry are attached to H, N, CH,—DPM and a 
conjugated, unsaturated system; the amplitude 
here is much greater (~ 300 x 10%). 

We are indebted to the following bodies for generous 
assistance in this work : the Medical Research Council 
for a research grant (C. H. G. and D. C. N.); the 
Wellcome Trust, for the loan of the polarimeter ; and 
the Department of Scientific and Industrial Research 
and the U.S. Army Research and Development Group, 
Frankfurt-am- Main, for grants (W. K. and P. M.J.). 
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ADAPTATION OF A LEAD-TOLERANT POPULATION OF 


AGROSTIS TENUIS TO LOW SOIL FERTILITY 


By D. JOWETT 
University College of North Wales, Bangor 


 ecbenie sine has recently been directed! to 
populations within Festuca ovina and Trifolium 
epens adapted to different levels of soil calcium. In 
the same publication the authors reported failure 
‘o find similar differentiation within Agrostis tenuis. 
However, further work indicates that such differentia- 
tion does exist within this species. 

A population of A. tenuis growing on lead-ore 
crindings at Goginan (Cards.) has already been 
shown to be tolerant of lead?.3.. However, in addition 
to being rich in lead the soil is of very low fertility. 
Soil analysis by extracting with N/2 acetic acid gives 
the following values per 100 gm. soil : 


Lead 7:1 


m.equiv., 
1-2 mgm. 


The growth of this population in relation to different 
:nineral levels has therefore been investigated in sand 
culture, by a technique previously described‘. It 
was compared with a non-tolerant population from a 
warby pasture. The results of one such experiment 
are shown in Tables 1 and 2. This was designed 
as @ factorial experiment with four levels of calcium 
and three of phosphate, but there was no significant 
interaction between the two nutrients. 

It is apparent that the pasture population responds 
to caleium and phosphate within these limits, whereas 
the lead mine population shows no response to cal- 
cium and a lesser response to phosphate. However, 
in both cases the major part of the response is shown 
between the two lowest levels. Therefore two further 
experiments were set up, the results of which are 
shown in Tables 3 and 4. 

Despite the rather erratic results for the lead mine 
) opulation the general trends are the same as before. 
The major response to calcium in the lead mine 
)opulation occurs up to 4 p.p.m., whereas the pasture 
| Opulation increases in yield up to 10 p.p.m. In the 
case of phosphate, the populations yield similarly at 


m.equiv., calcium 0-15 
phosphorus pentoxide 





2 and 4 p.p.m. but diverge thereafter. Calculation 
Table 1. CALCIUM (DRY WEIGHT YIELD, GM.) 
Caleium p.p.m. 
Population =|——-—_~——----_---—- - ———$_——— 
| 5 15 50 200 
Lead mine | 3° | 50-51 50-24 | 47: 45 ) 
Pasture 53-42 77°65 70°43 | 58-94 
S.E. 7°75 


Table 2. PHOSPHATE (DRY WEIGHT YIELD, GM.) 





r hosphorus p.p.m. 











Population | |_——————__, ——____________- 
| 5 25 125 
Lead mine 52-89 74°74 73°78 | 
Pasture 66°80 | 93 -22 100 -42 | 
S.E. 9-02 




















Table 3. CALCIUM (DRY WEIGHT YIELD, G¥.) 
ae nei inion Rtas Se ME AE instr 
; Calcium p.p.m. 
| Population ————————_~_—. a es 
i 2 3 + 6 10 
Lead mine 10-48 13-31 “99 67 12-41 
Pasture 13°35 15-79 16°01 19-52 
ia: 
Table 4. PHOSPHATE (DRY WEIGHT YIELD, GM. ) 
P hosphorus p. DP -m. 
Population - ———_—__. ____— = eae ee 
2 4 8 16 32 
ne eS ee a Tes (eee TT S es en 
Lead mine 10-28 15°54 l “09 18°03 16°13 
Pasture 10-99 16°66 21-87 20-99 26-87 
TS S.E. = 3°70 a 


of linear regressions of yield on log. nutrient concen- 
tration gives a good fit and high significance (0-01 
per cent) for both nutrients in the case of the pasture 
population, but no significance and very poor fit 
for the lead mine population. The differences 
between the two coefficients are not significant 
largely owing to the high error variance of the lead 
mine population. This high variance may be 
explained if the population consists of a diverse 
collection of genotypes, the major unifying feature 
being the possession of lead tolerance. Greater 
replication is desirable. 

The results indicate that the lead mine population 
is adapted to low levels of calcium and phosphate. 
Walker e¢ al.’ found similar adaptation in serpentine 
endemic species ; but in their case high magnesium 
accompanied low calcium-levels. The situation on 
lead mines is in many ways similar to that on serpen- 
tine, except that magnesium is not present in quantity. 
However, here the differentiation is within a single 
species and not between species. 

Previcus failure to find such differentiation within 
A. tenuis may have been due to failure to find 
sufficiently severe habitats. In more normal habitats 
A. tenuis tends to be replaced by A. canina at low 
fertility-levels, but in lead mine habitats this is not 
so. As a result, A. tenuis is here subject to the most 
extreme conditions of low fertility. 

A considerable range of adaptation to soil mineral- 
levels has now been found in this species. It has 
populations tolerant of lead, copper and_ nickel 
poisoning, and of low levels of calcium and phosphate. 
Either it is remarkable in this respect, or such variation 
is much commoner than previously reported. The 
fact that both species previously examined in this 
Department showed similar variation suggests the 
latter to be the case. 

1 Bradshaw, A. D., and Snaydon, R. W., Nature, 

? Bradshaw, A. D., Nature, 169, 1098 (1952). 

3 Jowett, D., Nature, 182, 816 (1958). 

‘ Bradshaw, A. D., Lodge, R. W., Jowett, D., 
J. Ecol., 46, 749 (1958). 

* Walker, R. B., Walker, H. M., and Ashworth, P. R., Plant Physiol., 

80, 214 (1955). 


183, 129 (1959). 


and Chadwick, M. 
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LETTERS TO THE EDITORS 


PHYSICAL SCIENCES 


Deposition of Trace Elements in Basic 
Magma 
PERHAPS the most detailed investigation of the 
fractionation of trace elements during the deposition 
of a mineral is that carried out on the basic magma 
of the Skaergaard intrusion!. We will consider the 


formation from the melt of the solid silicate phase of 


this magma, examining the inclusion of trace elements. 
The time sequence of the solidification is fairly well 
established!. Thus the deposition of the trace elements 
can be followed as a function of the percentage, X, 
of the solid phase formed. ‘This is done in Figs. 1 
and 2, where # gives the ratio of the concentration 
of the olement in the liquid after X per cent solidifica- 
tion to the concentration in the initial liquid. A 
downward curvature to a line represents preferential 
removal of the clement or a partition coefficient of 
that clement favouring the solid rather than the 
liquid. "The orders of deposition are : 

Nill Coll Fell, Nill Cull, and 

(tplll VU ~ ge-lll Galll ~ Fell 


I offer the following explanation of these orders. 


+0-4 F 

















0 100 
Percentage solid 
Fig. 1 The uptake of divalent cations into the silicate 
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0 100 
Percentage solid 
Fig. 2. The uptake of trivalent cations into the silicate 


The process of the uptake of an ion into a crystal 
from a melt can be thought of as being characterized 
by (1) an increase in average co-ordination number 
to a fixed value for all the atoms, and (2) a decrease 
of the interatomic distances. The two terms are 
consistent with a greater bond energy, lower heat 
content, on formation of the solid phase. This is 
generally observed. The change in heat content can 
be further analysed. An clement which is particu- 
larly stabilized in a given co-ordination site, say, in 
an octahedral hole, will be expected to gain greatly 
in stability on passing from a melt of irregular 
co-ordination number to a regular solid which pro- 
vides such an octahedral hole. Again, ions which 
have large energies of polarization will gain in energy 
considerably on transfer from the liquid to the solid 
phase due to the shortening of interatomic distances. 
Polarization energies are very dependent upon these 
distances. Now it is well established that the polar- 
ization energies of d electrons are important in the 
stabilization of transition metal ions in certain 
symmetry positions, co-ordination spheres, rather 
than in others?. In an octahedral site these polariza- 
tion energies are in the orders : 

Nill > Coll > Fell > MnUS Call, Nil > Cull 
and Crlll > Vill ~ Sell Gall Fell 


These orders are almost exactly those found for the 
selective uptake of the ions into the Skaergaard 
intrusion silicates. The above ions normally go into 
octahedral holes in such minerals as these silicates. 
We conclude that selective uptake is based upon 
polarization energies which are highly dependent 
upon hole symmetry and interatomic distances. We 
expect that the same trace elements will be aeccu- 
mulated preferentially in silicates generally. This might 
explain the absence of nickel and chromium in 
biological systems. In minerals such as sulphides, 
the polarization will be different in origin and copper 
will be preferentially absorbed. In minerals providing 
holes of quite other symmetry, the order of uptake 
will be different again. 

1 wish to thank Prof. L. R. Wager, Prof. L. H. 
Ahrens and Dr. EK. A. Vincent for their help. 

R. J. P. Witirams 


- Znll 


Wadham College, 
Oxford. 
April 21. 
‘Wager and Mitchell, Geochim. Cosmochim, Acta, 1, 129 (1951). 
* Orgel, J. Chem. Soc., 4756 (1952). 


Origin of the Worzel Deep-Sea Ash 


In a recent paper!, Worzel announced the discovery 
of an extensive ash deposit at the bottom of the 
Pacific Ocean. Ewing, Heezen and Ericson? have 
suggested in a companion paper that the deposit 
may well be of world-wide extent. If this should 
prove to be the case, the origin of the Worzel ash 
layer becomes a matter of extraordinary interest. 
The mass of a world-wide layer would be of the 
order of 1 x 102° gm., which exceeds by a factor of 
~ 300 the yield of the largest volcanic eruption 
recorded during historic times (Tambora, 1815). 
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Moreover, the areal distribution of volcanic ash is 
usually quite limited?. Worzel and Ewing et al. have 
therefore proposed the following events as possible 
sources of the ash: a single very large volcanic 
explosion, the simultaneous explosion of many 
voleanoes, @ cometary collision, or 
catastrophic event involving bodies of cosmic origin. 

From the data of Opik® one finds that a particle- 
size distribution peaking in the fractional mm. range, 
as observed for Worzel’s ash, could indeed be obtained 
hy ablation of mm.- to em.-sized particles. However, 
a cometary or asteroidal origin of the ash is unlikely 
for a number of reasons. If the break-up were to 
occur at a distance from the Earth that was large 
compared with the distance to the Moon, only a very 
minute fraction of the debris would be swept up by 
the Earth, so that the mass of the disrupted body 
would have to be many orders of magnitude greater 
than 102° gm., that is, far in excess of the masses of 
omets or asteroids. Moreover, the residence time 
of interplanetary debris is of the order of 10°-10° 
vears, as indicated by the cosmic-ray ages of meteor- 
ites*®, and Opik’s calculations*®, whereas the deposi- 
tion of the Worzel ash took place within no more 
than a few years. Further, it is unlikely that a mass 
of the order of 102° gm. can be accounted for even by 

eans of a direct hit by a comet or asteroid. Although 

avitational tests have only yielded an upper limit 
of ~ 1024 gm. on the masses of comets, several other 


some other 


ndependent arguments indicate that the mass of 
« reasonably large comet (Halley’s comet) is about 
3 10'° gm. The masses of the more typical comets 
re probably significantly lower than this. Asteroids 
of the required mass do exist but are unlikely to be 
found so far outside the asteroidal belt. Finally, 
withough its chemical composition has not yet been 
determined, the ash is quite unlike meteoritic?, 
ometary, or asteroidal matter, as indicated by its 
low density and refractive index (2-38 and 1-500, 
respectively), its low nickel content (<< 0-01 per 
cont; spectrochemical analysis by Dr. A. Du 
Fresne), and its glassy character. These properties 
ero much more reminiscent of terrestrial crustal 
material (for example, voleanic ash), which is high 
i silicon, calcium, aluminium, sodium and potassium, 
and low in magnesium, iron and nickel relative to 
indifferentiated meteoritic matter. The resemblance 
to voleanic ash has been pointed out by Ewing 
al.?, 

Two other cosmic sourees might be considered : 
walaetie dust clouds and the Moon. A simple calcula- 
tion shows that passage through a galactic dust cloud 
of some two solar masses would enable the Earth to 
pick up a 10-em. layer of non-volatile matter. How- 
ever, if the pick-up is to be complete within a short 
time, say 10 years, the cloud must have had the 
unreasonably high density of 107! gm./em.%. The 
only known, non-stellar objects in space that may 
have densities of the right order of magnitude are the 
so-called ‘globules’ (believed by some to be proto- 
stars in an early stage of gravitational contraction). 
The probability of encountering such an object is 
exceedingly small ; moreover, any reasonable distri- 
inition of particle sizes within the globule would 
contain enough grains in the range of maximum light 
absorption (that is, ~ 0-5.) to black out completely 
the Sun, with calamitous effects on terrestrial life. 
linally, the near-passage of a massive cloud would 
perturb the planets, destroying the regularity of their 
orbits, and would almost certainly sweep the comets 
from the solar system. 
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A catastrophic event within the Earth-Moon 
system, for example the collision of a giant meteorite 
with the Moon, cannot be ruled out on grounds of 
chemical composition. The composition of the 
Moon’s crust is not known ; but in the light of recent 
work on mineral differentiation in small bodies’, 
there is no @ priori reason why it should not be 
differentiated to a degree close to that of the Earth’s 
crust or Worzel’s ash. However, it can be shown that 
a meteoritic impact of the kind that gave rise to the 
lunar craters cannot eject enough material to account 
for the collection of 102° gm. by the Earth. The 
mass deficit of the very largest craters may barely 
approach this value, but even under the most favour- 
able conditions scarcely more than a few per cent 
of the ejected matter will reach the Earth within the 
required few years. 

It appears that an extra-terrestrial origin of 
Worzel’s ash is highly improbable. Yet its world- 
wide distribution, if demonstrated to be true, will be 
difficult to explain even in terms of a terrestrial 
origin. Data on the dispersal of H-bomb debris and 
volcanic ash indicate that the distribution of particles 
in the 70-200p range is limited to distances of the 
order of 103 km. or less. It will be of interest to 
establish its origin in a single event by chemical 
analysis of samples from widely scattered locations. 

A voleanie eruption of this magnitude should have 
at least two other observable effects. It would carry 
enough yv-sized dust particles into the stratosphere 
to reduce the amount of sunlight reaching the 
Kerth, possibly enough to initiate a period of glacia- 
tion. This possibility has been independently 
suggested by Dr. Bruce C. Heezen (private com- 
munication). .A paleotemperature measurement of 
material immediately above and below the Worzel 
layer may provide a clue in this respect. Further- 
more, the mass deficit at the eruption site would 
produce a negative gravity anomaly that may not 
yet have been completely obliterated by isostatic 
equilibrium. 

This work was supported in part by the U.S. 
Atomic Energy Commission. 

EpWARD ANDERS 
Enrico Fermi Institute for Nuclear Studies and 
Department of Chemistry, 
University of Chicago, 
Chicago, Illinois. 
D. NELSON LIMBER 
Yerkes Observatory, 
University of Chicago, 
Williams Bay, Wisconsin. May 27. 
YWorzel, J. L., Proe. U.S. Nat. Acad. Sci., 45, 349 (1959). 
? Ewing, M.. Heezen, ‘.,and Ericson, D. B., Proe. US. Nat. Acad, 

Sei., 45, 355 (1959). 
2 Opik, E., “Physics of Meteor Flight in the Atmosphere” (Inter- 

science, 1958). 

“Reed, G. W., and Turkevich, A., Nature, 180, 594 (1957). 
*Vireman, E. L., and Schwarzer, D., Geochim. et Cosmochim. Acta, 

11, 252 (1957). 
°Qpik, E., Proc. Roy. Irish Acad., A, 54, 165 (1951). 

? Fish, R. A., Goles, G@. G., and Anders, E. (unpublished work). 
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Wear Observations through Interfacial 
Micro-Windows 

Direct observations of wearing processes are 
generally obscured completely by the slider or 
bearing material. As a result, a good deal of specula- 
tion has accumulated concerning the unknown 
mechanisms of wear. With reference to graphite, 
no satisfactory understanding had been gained. 
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Fig. 1. 


Diamond micro-wirdow in mounting, with fine needle 
and metric strip. 6) 


In a recent micrographic study of wear! upon 
graphite it was shown that the wearing process could 
be studied more directly by arranging a sliding con- 
tact under a microscope and following the detailed 
processes. The observations were further simplified 
by using single oriented crystals for the surfaces 
undergoing the wear. With selected adjustments of 
the illumination a good deal of new information was 
revealed. 

An obstacle in this micrographic technique was 
that the slider or micro-probe was opaque and hid 
the contact site from view. Only surrounding effects 
were visible. In continuation it was found that the 
slider may be a thin transparent body which then 
serves as a micro-window. Then the real interface 
of the contact may be focused upon directly at high 
magnification. 

Small glass lenses as sliders were first tried. A 
plano-convex lens was mounted at the end of a 
needle in a micro-manipulator and was_ pressed 
against graphite or molybdenite crystals having flat 
areas. The well-known Newton’s interference fringes 
which were produced over the small air gaps indicated 
at once the topography of the surfaces, in respect to 
elevations and actual zone of contact. 

Upon sliding the glass over a crystal surface, the 
details of the wearing process were directly observed, 
including the variations of contact position, the 
influence of single asperities and of particles on the 
friction and wear, the geometrical nature of the 
wear removal process, and the surface adhesion. 

As a further step, a diamond micro-window has 
been machined for this study. This provides a hard 
transparent carbon tool of known geometry to slide 
against a plane graphitic carbon surface. This 
diamond lies completely within the field of view at 
magnification of 320, and hence all contact areas may 
be seen at once. It is smaller than a fine needle’s eye 
(Fig. 1) with a maximum diameter of 0-94 mm. and 
thickness of 0:66 mm. It is optically flat on the upper 
surface, facing the microscope objective, and slightly 
convex on the sliding surface, but optically smooth. 
As a sliding window, it shows a detailed picture of 
surface interactions upon its face during sliding, as 
well as the topography from the Fizeau fringe 
patterns. 

The technique described makes it possible to view 
surfaces as they are brought into contact at mag- 
nifications large enough to yield significant results, 
to observe the subsequent damage to the sliding 
surfaces as it occurs, and to measure the contributions 
of individual asperities to the friction. 
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I wish to thank E. H. Hull and O. Brusdal, of this 
Laboratory, who made suggestions concerning the 
geometry of the diamond and also machined and 
mounted it. 

RoBErT H. SAVAGE 
General Electric Research Laboratory, 
Schenectady, New York. 
May 18. 
1 Savage, R. H., Nature, 188, 315, 454 (1959). 


Rapid Estimation of the Specific Surface of a 
Powder 


THE rapid estimation of the specific surface of a 
powder falling in the sub-sieve size-range is a matter 
of considerable industrial importance; but the 
techniques available for this purpose are limited in 
number. 

One of these rapid techniques is that which may 
best be described as the ‘single observation photo- 
extinction method’. Owing, however, to the omission 
of an important variable, this test gives results which 
are subject to very considerable error, and it is the 
object of this communication to direct attention to 
an empirical correction which, while retaining all the 
advantages of the simple test, leads to results which 
have adequate accuracy for many industrial purposes. 

In the ‘single observation’ test a known weight of 
the powder under analysis, suspended in a known 
volume of a suitable fluid, in an optical cell, is main- 
tained in turbulent motion by means of a stirrer. A 
beam of light is projected across the cell and by means 
of a photo-cell, or similar device, the intensities of 
the incident and emergent beams are measured. 

The ‘specific surface’ of the material is then 
calculated by use of the equation : 


4 I, 

Sn = Cl loge I (1) 
where Sm is the measured ‘specific surface’ in cm.? 
gm., C is the concentration of the suspension in gm. 
em.?, / is the length, in em., of the light path through 
the suspension and J, and J are the intensities of, 
respectively, the incident and emergent beams. 

This expression is, however, not strictly accurate 
since it is based upon the assumption that, for a 
small particle, the light energy absorbed and scat- 
tered outside the small solid angle subtended by 
the photo-sensitive surface at the centre of the 
particle is directly proportioned to the cross-sectional 
area of the particle, whereas in fact this is not so. 

It has been suggested by one of us! that 
for an industrial powder having a wide range of 
particle size an empirical correction for this variation 
of the extinction coefficient with particle size can 
be made by the use of the expressions : 


200 — Sm = 20,000 Sp = 3-3 Sm” 77 
Sm = 20,000 Sp = 8,000 (2) 
20,000 < Sm < 70,000 Sy = 66 Sm 


where Sm is calculated from equation (1) and Sp is 
a better approximation to the true value. 

In the derivation of these expressions it has been 
assumed that the density of the powder under test 
is approximately 3-5 gm./em.® and, furthermore, in 
the original publication the suggestion was supported 
by a very small amount of experimental evidence. 

Recent reconsideration of the problem shows, how- 
ever, that improved accuracy over a wider range of 
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Specific surface (m.*/gm.) 
(from size distribution and other methods) 
Fig. 1 

particle density can be obtained by the use of the 
modified equations : 

600 60,000 en yee 

—— <i <= = So = 4-59-2593," 
180,000 _ @) 


Sp = 120p-°* Sms 


60,000 
= =< ey = 
p 

During a recent research the specific surfaces of a 
number of samples of quartz and glass mill products 
have been determined from the size distribution 
curves (determined by photo-extinction methods) 
and by the single-observation test. These results, 
together with those relating to a number of other 
materials, for which the specific surfaces have been 
determined by a variety of methods, are shown in 
Fig. 1. 

In this figure are also shown these results after 
‘correction’ by use of equations (3), and it is seen 
that these results, although suffering scatter, are in 
reasonable accord with the results deduced by other 
methods. 

Thus, it is considered that this method together 
with the above equations provides a rapid means 
for the estimation of the ‘specific surface’ or ‘mean’ 
particle-size of a powder, with an accuracy sufficient 
for many industrial purposes. 

Attention should, however, be directed to the 
following restrictions: (1) The method is empirical 
and so should be applied with care. (2) The correction 
equations are strictly applicable only to results 
obtained upon apparatus having approximately the 
same geometry as has the apparatus used for the 
original tests. This geometry has been described 
elsewhere!. (3) The correction equations are deduced 
for materials having a fairly wide range of size, for 
example fine mill products, and are not applicable 
to materials which have been artificially separated 
into very narrow size ranges. (4) For values of Sm 
in the neighbourhood of 60,000/p, there will, due 
to the complex behaviour of the extinction coefficient— 
particle size in this region, be considerable scatter, 
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but even so the ‘corrected’ values, S,, will be more 
nearly correct than will be the values of Sm. 

H. E. Rose 

R. M. E. SuLLivan 


King’s College, 
London, W.C.2. 


1 Rose, H. E., J. App. Chem., 2, 217 (1952); ‘‘The Measurement of 
Particle Size in Fine Powders” (Constable and Co., Ltd., London) 


Effect of Temperature on the Rate of Setting 
of Gypsum Plaster 
EXPERIMENTS carried out in this laboratory with 
some commercial gypsum plasters show that, between 
0° and 50° C., temperature may exert a comparatively 
small effect upon the rate of hydration of the calcium 
sulphate hemihydrate. In most cases, the induction 
period (defined as the time for the rate of increase of 
temperature to exceed 0-1° C. per min.) of mixtures 
of plaster and water contained in a Dewar flask is 
constant from 0° to 40° C., and the maximum rate 
of increase of temperature reaches a feeble maximum 
at about 25° C.!, although there are minor but distinct 
deviations from this pattern (see, for example, Fig. 3). 
Similar results have been found by Householder®. 
The effect of temperature on the rate of setting of 
a number of dental plasters has been subjected to a 
-areful study by Worner*, who found that the rate 
was roughly constant between 20° and 60° C. but, 
unlike my results, dropped sharply below 20° C. or a 
few degrees lower. His plasters also showed minor 
variations in behaviour. The parameters (induction 
period and maximum rate of increase of temperature) 
that I have used are measures of the rate of hydration 
of the hemihydrate, whereas Worner used the Gill- 
more test, which gives a measure of the stiffness of 
the mixture of plaster and water. Recent work?® 
strongly supports the view that the dominant process 
in the thickening of mixtures of plaster and water is 
the formation of an interlocking network of crystals 
of calcium sulphate dihydrate, although some previous 
authors have supported a colloidal mechanism*’. 
It is then of interest to know whether or not the 
Sillmore test yields results which run parallel with 
the kinetic parameters of the reaction, and whether 
the sharp increase in setting time observed by Worner 
as the temperature falls below 15° C. was a character- 
istic of his materials only. I have consequently carried 
out Gillmore tests* on plasters, for which the induction 
periods and maximum rates were also determined. 
Figs. 1-3 show the times for completion of the Gill- 
more initial and final sets, induction periods and 
maximum rates plotted against temperature for 
three plasters with different characteristics. In 
making the Gillmore tests the samples were covered 
with paraffin oil to prevent surface drying (cf. 
Worner®). With plasters A and B the maximum 
rate rises to a feeble maximum at about 25° C. and 
the induction periods are roughly constant between 
0° and 40° C. Three other plasters studied in detail 
show the same behaviour. Plaster C is unusual in 
that the induction period decreases below 10° C. 
and the maximum rate is constant from 5° C. to 30°C. 
The initial set is complete about 15 min. after the 
end of the induction period, and when variations in 
the maximum rate are taken into account it is seen 
that the Gillmore initial set does move parallel with 
the kinetic parameters of the hydration of the hemi- 
hydrate. This confirms the view that the dominant 
process in setting is the formation of crystals of 
calcium sulphate dihydrate, as work reported else- 
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where suggests that the end of the induction period 
marks the formation of a certain surface area of 
crystals of dihydrate®. 

Plaster A shows an increase in the time for the 
completion of initial set below 30° C. but not the sharp 
effect shown by Worner’s plasters. I have used 
retarder-free building plasters which had been stored 
in air-tight containers until they gave steady results 
and were generally very much slower in setting than 
Worner’s plasters. Work reported in part elsewhere® 
suggests that the rate of hydration of calcium sulphate 
hemihydrate in plaster pastes is determined by the 
density of nuclei for the crystallization of the dihy- 
drate, the effective surface area of the dihydrate 
present at the beginning of the reaction, and the rate 
of supply of calcium and sulphate ions to the surface 
of the growing phase. Reduction of temperature will 
tend to reduce the rates of dissolution of the hemi- 
hydrate and diffusion of caletum and sulphate ions, 
and I have already shown that in a number of plasters 
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Fig. 1. Times for completion of initial and final set (average of 
four measurements), induction period and maximum rate of 
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the density of effective nuclei increases as the tempera- 
ture is lowered'!. Another factor is the increase in 
solubility of the hemihydrate as the temperature is 
lowered. Whether the rate of hydration rises or 
falls as the temperature is lowered depends upon 
which of these effects predominates. The high rates 
for the plasters used by Worner suggest that they 
were heavily seeded with nuclei. If these were mostly 
greater in size than the critical nucleus it is possible 
that the density of effective nuclei did not increase 
relatively as greatly as in the cases I have studied, 
so that the time for completion of the initial set 
would increase more markedly as the temperature 
was lowered. ‘It is noteworthy that the effect is 
relatively more marked in the most reactive plasters 
quoted by Worner. However, the magnitude of the 
effects observed by Worner at low temperature 
appears too large to be compatible with the assump- 
tions upon which my theory is based’. 

This investigation forms part of the programme of 
work carried out within the Division of Building 
Research and sponsored by the Associated Fibrous 
Plaster Manufacturers of Australia. 

I wish to thank Mr. A. R. Docking, director 
of the Commonwealth Bureau of Dental Standards, 
for the loan of the © Ulmore apparatus, and Mr. K. I. 
Lardner of this .~ vision for assistance with the 
experimental work. 

M. J. RIDGE 

Division of Building Research, 

Commonwealth Scientific and Industrial Research 
Organization, 
Graham Road, Highett, 
Victoria, Australia. April 13. 

1 Ridge, M. J., Nature, 182, 1224 (1958). 
? Householder, F., J. Amer. Ceram. Soc., 1, 578 (1918). 
3 Worner, Hf. K., J. Dental Res., 28, 305 (1944). 
* Powell, D. A., Aust. J. App. Sci., 9, 24 (1958). 
5 Ridge, M. J., Aust. J. App. Sci., 9, 163 (1958). 
® Fischer, H. C., Amer. Soe. Test. Mat. Bull., No. 192, 43 (1953). 
7 Ostwald, W., and Wolski, P., Kolloidzschr., 27, 78 (1920). 
* Australian Standard Specification No. 7'.4-1951, 8 (1951). 
* Ridge, M. J., Aust. J. App. Sci., 10, 218 (1959). 
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Forces between Titanium Dioxide Pigment 
Particles 

ELECTRON microscope techniques have been used 

for obtaining information on the nature of the 


aggregation process occurring between particles of 


titanium dioxide pigment in the dry state. 

\ cloud of air-dispersed rutile titanium dioxide 
pigment was formed by passing air from a high- 
pressure jet through a flask containing the dry 
pigment. The degree of dispersion in this cloud was 
assessed by collecting a specimen on a ‘Formvar’- 
coated electron microscope specimen grid (Fig. 1). 
To examine the aggregation properties of the pigment, 
an electron microscope grid, without a specimen 
supporting film, was held in the pigment cloud 
for periods of 1 min. After each period, electron 
micrographs were taken of a selected area of the grid. 
Fig. 2 shows ‘chains’ of pigment particles adhering 
to the copper grid; with further exposures to the 
pigment cloud, a network of pigment particles was 
gradually built up (Figs. 3and 4). Stereo-micrographs 
have indicated the three-dimensional nature of this 
structure. 

An enlarged portion of a typical pigment network 
(Fig. 5) illustrates the high proportion of contacts 
in the direction of the c¢ axis of the crystal, at the 
pyram:d* “yes. 

Frou » maximum lengths of chains supported at 
only one contact, the force of adhesion between two 
particles was calculated as > 6 10-7 dynes. 

Possible forces causing the aggregation are : 

(a) Van der Waals—London forces. For two spheri- 
cal particles of equal radius, the attractive force is 
defined by the relation : 


V = —A/6 {2/(S*—4) +2/S? +logy, [(S?—4)/S?]} 


where V is the energy of interaction between the two 
spheres ; A is a constant ~ 107!* ergs: S Ria: R 
is the separation between the centres of the spheres ; 
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a is the radius of the two spheres!. For two pigment 
particles with equivalent spherical radii of 0-2u and 
a separation of 0-005 between surfaces (the approx- 
imate limit of resolution of the available electron 
microscope) the attractive 10-6 
dynes. 

(b) Induced electrostatic forces. A particle which 
has previously been charged by frictional processes 
in the original dispersion can induce an electrical 
polarization in an uncharged particle passing within 
its field. This polarized particle would then be 
attracted to the original particle and be available for 
the polarization of other particles in the pigment 
cloud. The force between two unit electronic charges 
at a separation of 0-005 is of the order of 1 10-6 
dynes, a value consistent with the attractive force 
calculated from the electron micrograph. 

Work on the semi-conducting nature of titanium 
dioxide supports this hypothesis. It has heen observed 
that high temperatures enhance the aggregation in 
dry pigments. High temperatures also lead to an 


Fig. 5 
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increased electronic mobility in titanium dioxide?. 
A similar phenomenon has been observed with dry 
quartz sand’. The electronic conductivity of rutile 
titanium dioxide below 300° C. is at a maximum 
along the c axis of the crystal?; this is consistent 
with the orientation of the particles in Fig. 5. On 
the evidence available at present, we prefer this 
mechanism to that described in section (qa). 
Acknowledgments are made to the Directors of 

Laporte Titanium, Limited, for permission to publish 
this communication. 

JAMES E. Latry 

W. C. CLARK 


Laporte Titanium Research Department, 
Kingsway, Luton, Beds. June 2. 
1 Verwey and Overbeek, “Theory of Stability of Lyophobic Colloids” 
(Amsterdam, 1948). 
2Cronemeyer, Phys. Rev., 87, 876 (1952). 
* Rinde, M.Sc. thesis, University of California (1926). Loeb, “Static 
Electrification’, 200 (195s). 


Temperature Variation of the Principal 
Magnetic Moments of Co+* lons and the 
Asymmetry of the Crystalline Electric Field 

in Cobalt Acetate Tetrahydrate 

THE ground-state of the free divalent cobalt ion is 
377, 4F, ., and the potential due to the crystalline 
electric field in the neighbourhood of the six co- 
ordinated cobalt ion conforms to : 

7 D (a* + y* + z‘) + Ax? By? (A + B)z? 
the fourth-order terms in the expression represent 
the cubic, and the quadratic terms the rhombic, part 
of the field. The observed magnetic properties can 
then be explained on the assumption that the field 
is predominantly cubic in symmetry with a feeble 
rhombic component superposed. If the field is due 
to an octahedral distribution of water molecules 
around the Co++ ion, the seven-fold orbital degeneracy 
is split into two triplets and a singlet, and the sign 
of the cubic field coefficient is such as to make one 
of the triplets the ground-state, the separation of 
which from the other triplet is of the order of 10*cem.-'. 
With such a disposition of the orbital Stark pattern, 
the components of the lower triplet being further 
separated to the extent comparable to k7’ by the 
rhombic part of the field, and the spin-degeneracy 
slightly raised through the spin-orbit coupling, the 
calculations of the principal magnetic moments 
naturally become very complicated. Schlapp and 
Penney! have, however, made detailed theoretical 
calculations of the principal magnetic moments of 
cobalt salts. Assuming the cubic field to be always 
of the same intensity, and one of the rhombic field 
constants zero, they assign different values to the 
other, namely, A 0, 40, 200, ete. With a small 
rhombic field the effective magnetic moments natur- 
ally become different, but they decrease in more or 
less the same way as with a purely cubic field when 
the temperature is lowered. The principal moments 
separate out further when A is 200, and with the 
fall of temperature the moment having the largest 
value increases, reaches a maximum and then falls, 
while the other moments decrease. From the experi- 
mental magnetic data on cobalt salts*? it seems that 
the rhombic field in them is not so strong as to pro- 
duce a rise in the maximum magnetic moment 
referred to above. 

In the Tutton salts the field is determined almost 
wholly by the octahedron of water molecules imme- 
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diately surrounding the ion, and hence the deviation 
from the cubic symmetry will be small. If, on the 
other hand, the members of co-ordination of the 
cobalt ion be not all alike, then there will be a possi- 
bility of the rhombic field becoming stronger. It 
seems that cobalt acetate tetrahydrate is a case in 
point as revealed from its fine structure studies by 
X-rays’. The space group is P2,/c, and the unit cell 
contains two molecules. Each cobalt ion is surrounded 
octahedrally by four water molecules and two oxygens 
of acetate groups. The cobalt—water (2-11 and 2-06 A.) 
and the cobalt-oxygen (2-12 A.) distances suggest 
that as in nickel salts the moment in the plane 
containing the Co++ ion and the oxygens of water 
molecules and of acetate groups is greater than in the 
direction normal to it. 

The room temperature measurements! show that 
the magnetic anisotropy of cobalt acetate is highest 
of all the cobalt salts studied so far, and it clearly 
indicates a strong non-cubic field. We have, there- 
fore, measured the temperature variation of the 
principal magnetic susceptibilities of the crystal 
down to liquid air temperature. The results are shown 
graphically in Fig. 1. The trend of the magnetic 
moment versus temperature curves supports the 
existence of a strong rhombic field around the Co: 
ion in Co(CH,COO),.4H,O. 

The work will be reported upon more fully elsewhere. 

BHAGAWATI CHARAN GUHA 

Department of Physics, 

University of Caleutta. 

April 20. 

1 Schlapp, R., and Penney, W. G., Phys. Rer., 42, 666 (1932). 

* Jackson, L. C., Phil. Trans. Roy. Soc. , 224, 1 (1924). Bartlett, B. W., 
Phys. Rev., 41, 818 (1932). Bose, A., Ind. J. Phys., 22, 276 (1948). 
Guha, B. C., Proc. Roy. Soc., A, 296, 353 (1951). 

* Niekerk, J. N. van, and Schoening, F. R. L., Acta Cryst., 6, 609 
(1953). 

* Mookherji, A., Ind. J. Phys., 20, 9 (1946). 


Visible Absorption Spectra of Copper- 
ethylene-diamine-bis(acetylacetone) in the 
Crystalline State 

For square planar copper complexes the crystal 
field theory predicts a splitting of the five-fold 
degenerate d-orbital energy-levels into four energetic- 
ally different levels, dzy, dz, dz?—4: and dz,(dyz), in 
the order of diminishing energy'. The visible absorp- 
tion in these systems is associated with the transitions 
from dzz (dzy) to dry (w,), from dy—y to dzy (we), 
and from dz to dzy (#3), where w, is the shortest 
wave-length and w, the longest wave-length band 
with w, in between. The absorption spectra of square 
planar copper complexes in solution invariably 
consist of one broad absorption band in the visible 
region, which, however, could be resolved into three 
component bands by Gaussian analysis?. With the 
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object of finding if these split levels could be detected 
in the absorption spectra of the single crystal of a 
square planar copper complex, the present inves- 


tigation was undertaken on the absorption spectra of 


an elongated platelet of copper-ethylene-diamine- 
his(acetylacetone). 

The optical part of the experimental equipment 
consisted of a single filament tungsten lamp, Hilger 
glass prism monochromator and a Leitz polarizing 
microscope. The electrical part consisted of a 
1/21 photomultiplier tube, a high-voltage stabilized 
power-supply unit and a stabilized d.c.-voltage 
amplifier. The crystal was placed on the stage over 
a glass slide, and was brought to focus visually. The 
eye was then replaced by the phototube assembly. 
The objective — eye-piece combination used was such 
that the crystal completely covered the field in any 
orientation. The orientation of the plane of polariz- 
ation of the incident beam with respect to the long 
axis of the crystal could be varied either by rotating 
the polarizer or by rotating the stage with the crystal. 
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Possible Asymmetry in the Daily Range of 
the Geomagnetic Vertical Intensity around 
the Magnetic Equator 


IN a recent paper, I have suggested that if the 
indication of an asymmetry in the daily range of 
the geomagnetic vertical intensity (Z) on opposite 
sides of the magnetic equator (higher ranges to the 
south) is confirmed, it might be explained by the 
opposition in phase of the equatorial electrojet effect 
on Z and the normal Z-variation on one side and the 
agreement of their phases on the other?. 

Magnetograms have now been obtained from 
Zaria, a new magnetic observatory in Nigeria on the 
northern side of the magnetic equator and about the 
same distance from that equator as Ibadan is south 
of it. Zaria is thus near the latitude on the northern 
side at which the effect of the electrojet on Z-variation 
should be greatest, as Ibadan is supposed to be near 
the latitude of maximum to the south. An examina- 
tion of Z-variation at Zaria shows that the daily 

ranges of Z are as high as at 
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In Fig. 1 the full-line curve represents the ab- 
sorption spectrum of the crystal with the incident 
light polarized along the long axis of the crystal. The 
curve shows three peaks at 505 my, 545 my and 
615 my respectively. The dotted curve represents 
the absorption spectrum of the same chelate in 
alcoholic solution. It is evident that the spectrum 
in solution consists of one broad band with no fine 
structure. By Gaussian analysis the solution band 
nay be resolved into three bands with peaks at 
510 mp, 545 my and 600 my, which correspond 
fairly well with the three peaks observed in the 
spectrum of the crystal. 

With the incident light unpolarized or polarized at 
right angles to the long axis of the crystal, the absorp- 
tion spectra were almost identical with those given in 
Fig. 1, apart from a slight loss in the fine structure. 

Thanks are due to M/S Emission Radio and 
Varieties, Calcutta, for their kind help in constructing 
the electrical part of the measuring instrument. 

ANIMESH CHAKRAVORTY 
SADHAN Basu 
Department of Chemistry, 
University College of Science, 

Caleutta-9. March 20. 
belford, Martell and Calvin, J. Inorg. Nucl. Chem., 2, 11 (1956). 
Jorgensen, Acta Chem. Scand., 8, 1495 (1954). 





volved an error in reversing the 
direction of the Z-effect of the 
jet current during day-time. 
Secondly, the true position is not so simple because the 
phase relation at places close to the geographical 
equator would change as the Sj-current system moves 
northwards or southwards according to season. The 
situation is further complicated by possible move- 
ments of the electrojet itself according to season. It 
is considered that further investigation should wait 
until it is known whether and how the electrojet 
moves according to season. 
C. A. ONWUMECHILII 
Physics Department, 
University College, 
Ibadan, Nigeria. 
!Onwumechilli, C. A., J. Atmosph. Terr. Phys., 18, 235 (1959). 
2 Pramanik and Yegnanarayanan, Ind. J. Met. Geophys., 4, 353 (1952), 


ASTRONOMY 


Prediction of Sunspot Numbers until the End 
of the Present Cycle 

Since November 1956 the use of a most elementary 

long-term prediction method! for sunspot numbers 

has been pursued with surprising success. C. N. 

Anderson? directed attention to the possible existence 

of a 169 years period in solar activity. The coincidence 
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Table 1 
1957 19538 | 
- -- 1959 1960 1961 | 1962 1963 1964 1965 1966 | 1967 

Pp 0 Pp 7) | 
January 172 170 | 196 198 164 137 93 81 62 46 29 15 0 
February 175 | 172 | 189 199 163 136 |= 91 80 61 | 49 28 14 | 0 
March 182 177 | 187 203 168 =m | UCU 59 50 | 23 11 0 
April 185 183 | 180 198 165 122 | 87 | 7% 58 47 ot a 0 
May 184 187 | i79 | 101 167 117 | 86 77 57 46 19 9 0 
June 188 189 178 | 189 163 a2; sb |llCUS 55 43 16 6 0 
July 191 191 176 | 187 160 108 | 387 75 51 40 19 5 0 
August 189 190 177 182 157 106 | 85 73 52 41 | 2 2 0 
September } 191 194 178 183 153 103 83 | 71 50 36 16 | 1 0 
October 196 194 174 181 147 100 81 | 70 49 33 i aa 1 0 
November 197 | 107 169 _ 143 7 80 |; 68 48 31 16 0 0 
December 197 197 167 _— 140 95 82 64 46 28 15 0 0 

} 


of values between the two periods 1749-85 and 
1918—54 is most striking. 

This fact has been used in our service for iono- 
spheric predictions almost from the beginning of the 
present cycle; but with the increase in activity 
marked differences appeared. It was realized, however, 
that a good fit could be obtained by multiplying 
figures observed 169 years before by a factor of 
proportion. Using running means over 13 months 
and taking July 1784 as a starting date, linked to 
April 1954, the following equation was obtained in 
November 1956 : 

& = 1-488 ¥ — 12°5 (1) 
where 7 is the value for a particular month of the old 
cycle and # the corresponding value for the present 
cycle. 

In Table 1 predicted sunspot numbers (p), cal- 
culated in November 1956 with the above formula, 
are given for 1957 and 1958 and compared with the 
available Zurich observational values (0). 

The mean square root of deviation between ob- 
served and predicted values is 1-6 sunspot, which is 
very small indeed. 

Using the data of April 1954-October 1958, a new 

equation has been derived for a still better fit : 
1-527 g — 13-4 (2) 
Although the change between equation (1) and (2) is 
very small, this last has been used for the prediction 
of sunspots as listed in Table 1 from 1959 until the 
end of the cycle in January 1968. From November 
1966 the formula gives negative values ; these have 
been replaced by zeros. 

Owing to the very empirical way in which these 
figures have been derived it is essential to keep a 
close check with observations as they appear. 

However good the relationship between the old 
and the new cycle has been for the past five years, it 
does not mean, unfortunately, that it will remain so 
with certainty in the future. 

Without theoretical support, nothing better can be 
expected for such long-term prediction. 

P. HERRINCK 
Section de Géophysique, Service Météorologique, 
Léopoldville, Congo Belge. June 3. 
1 Herrinck, P., Bull. Acad. Roy. Sci. Col., Nouvelle 
1274 (1958). 
* Anderson, C. N., J. Geophys. Res., 59, No. 4 (1954). 
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Anomalous Continuum Radiation from 
Jupiter 
FoLLowInc the report of Dr. Frank D. Drake’, of 
the National Radio Astronomy Observatory, that 
Jupiter emits anomalously large amounts of con- 
tinuum radiation in the vicinity of 2l-cm. wave- 


length, observations of Jupiter were undertaken with 
the Harvard 60-ft. radio telescope. With the instru- 
ment used as a direct radiometer with a bandwidth 
of 2 Mc./sec. in the vicinity of 1,420 Mc./sec., a signal 
of amplitude several times the noise fluctuation was 
found in the expected position of Jupiter on most 
traces. The averages of at least five right-ascension 
drift curves were used to obtain the antenna tem- 
peratures given in Table 1. The probable error is 
less than 0-15° K. 


Table 1 

Time (U.T.) Date No. of curves Ta 

averaged (7x) 
0203-0403 May 16, 1959 5 0-51 
0408-0608 oe 5 0°73 
0613-0817 an | eee 5 0-46 
0451-0711 x IB 4s 5 0-86 
0209-0543 i; See es 5 0-57 
0548-0747 <- 2 Ss 5 0-42 
0139-0604 - 4 ae 8 0°75 
0130-0420 Ss ee. Se 7 0-47 
0140-0713 — oon 8 0-34 
0319-0616 ~ | 5 0-46 
0302-0727 ie 9 0°31 
0157-0423 i. 6 0°61 
0428-0707 a) ar 5 <0°16 
0105-0439 >. ae ‘ 0:19 
0444-0733 ce: NE . ay 7 0°30 
0313-0502 coe oe - 5 0-28 
0133-0448 June 1, 1959 5 0°83 
0452-0721 * z= 6 0°39 
0048-0430 SS Z> oy 6 0-64 
0434-0718 : 2 7 0:37 


The results show that the amount of the emission 
varies with time, by as much as a factor of 2 in a 
period of a few hours. Attempts are now being made 
to compare these variations with solar effects and with 
the low-frequency bursts that are known to come 
from Jupiter*, as well as with periodicities due to 
Jupiter's rotation. 

An antenna temperature of 1° K. would correspond 
in our case to a brightness temperature of 6,200° K. 
over the surface of Jupiter. This high value, together 
with the time variations, seems to rule out a thermal! 
origin for this radiation. The calibration of our 
system has depended on nightly observations of 
Virgo A, the intensity of which at 1,420 Mc./sec. is 
assumed to be the same as that measured recently by 
Westerhout? at 1,390 Mc./sec. 


EUGENE E. Epstein 


Harvard College Observatory, 
Cambridge, 
Massachusetts. 
June 4. 
1 New York Times (May 10, 1959). 
2 Carr, T. D., Astro. J., 64, 39 (1959). 
2 Westerhout, G., Bull. Astro. Inst. Neth., 14, 215 (1958). 
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The Coloured Product of the Sakaguchi 
Reaction 

\VE have already reported! that the coloured pro- 
duct of the Sakaguchi reaction? (between arginine and 
x-naphthol) behaves as a typical acid-base indicator, 
being red in alkali and yellow® in acid. It has now 
been found that the compound behaves as an oxida- 
tion-reduction indicator also. 

Long strips of Whatman No. 1 filter paper (3 in. 
22 in.) were soaked in a 0-4 per cent solution of 
arginine hydrochloride, and dried. Colour was then 
developed, as described earlier!, by dipping first in a 
solution of 100 mgm. g-naphthol, 1 gm. urea and 
2-5 gm. potassium hydroxide in 100 ml. ethanol, and 
finally in a solution of 0-75 gm. bromine in 100 ml. 
5 per cent aqueous potassium hydroxide. The 
colour was dissolved in a minimum quantity of water 
and the solution, after being acidified with hydro- 
chloric acid (pH 2-3), was left overnight in a refrig- 


erator. By washing the resulting dark precipitate 
with cold acidified water and then extracting 


repeatedly with ether, considerable purification of the 
compound was achieved. 

It was observed that on adding a few drops of a 
freshly prepared solution of sodium dithionite to a 
dilute and slightly alkaline solution of the above 
substance, the red colour of the solution was instantly 
discharged. On shaking the solution gently in air, 
however, the colour reappeared. This reversible 
process could be repeated a large number of times 
with the same solution. When acidified, the vellow 
colour of the solution could be similarly discharged 
by dithionite and restored by shaking in air. These 
results were a clear indication of the redox nature of 
the compound. It was found that the compound 
could also be reduced to the leuco form by stannous 
chloride, but not by ascorbic acid or cysteine. 


It appears from these observations that the 
coloured product of the Sakaguchi reaction has 


probably a quinonimine portion as its chief chromo- 
phore. Ifso then, in view of our recent finding! that 
this reaction is in fact a general reaction of phenolic 
compounds but is specific for para-unsubstituted 
phenols (a few p-halophenols, which gave the reaction, 
were the sole exception to this rule), the compound 
must have a p-quinonoid structure (as distinct from 
an o-quinonoid one). It would thus appear that the 
mechanism of colour formation in the Sakaguchi 
reaction is presumably an oxidative coupling between 
a suanido compound and a phenol, somewhat as in 
the formation of an indophenol. 

\lthough the present finding, together with the 
pura-ansubstituted-phenol specificity of the reaction’, 
practically confirms our earlier suggestion regarding 
a para-linkage in the compound), it is clear, since the 
compound behaves as a redox system both in acid 
and alkali and so must have a quinonoid structure in 
either, that the variation of its colour in acid and 
alkali is not due to isomerization between a benzenoid 
aid a quinonoid form as suggested earlier! but is due 
to other factors. 

The final purification of the compound is in 
progress with a view to its complete characterization. 
These results, including the exact redox potential of 
the fully purified compound, will be published later 
elsewhere. 

I wish to thank Dr. D. K. Roy and Mr. J. Datta 
for their helpful suggestions, and our director, 
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Dr. J. C. Ray, for his kind interest. I am also glad 
to acknowledge the technical assistance of Mr. T. K. 
Majumdar. 


KsuHrrop R. BHATTACHARYA 


Indian Institute for Biochemistry 
and Experimental Medicine, 
Caleutta 13. 
March 20. 
1 Bhattacharya, K. R., Datta, J., and Roy, D. K., Arch. Biochem. 
Biophys., '77, 297 (1958). 
? Sakaguchi, S., J. Biochem. (Tokyo), 5, 25 (1925). 
* Bhattacharya, K. R., Datta, J., and Roy, D. K., Arch. Biochem. 
Biophys. (in the press). 
‘ Bhattacharya, K. R., and Datta, J., Proc. Forty-sixth Indian Sci. 
Congr., Part 3, Abstracts, 155 (1959). 


Reaction-directing Properties of 
Non-enzymic Macromolecules: Pyrogallol 
Oxidation in the System Iron(IIIl)—-Cellulose 


ALTHOUGH the plant cell wall is regarded as an inert 
substance, mechanical in function, recent studies 
have demonstrated wall polysaccharides to be active 
sites (matrices) in the directed polymerization of 
4-hvdroxyphenylpropene derivatives (such as 
eugenol) to lignins!. Other investigations have 
shown the peroxidation of pyrogallol catalysed by 
iron(III) to be enhanced by low concentrations of 
non-enzymic deoxyribonucleic acid?, and have em- 
phasized both the qualitative and quantitative effects 
accruing from addition of solid surfaces to various 
chemical or biochemical systems*-®. 

To extend these views on the catalytic activity of 
biopolymer surfaces, the system iron(III)-cellulose 
has been included among those studied as an oxidase 
model and for its possible direct significance in 
biocatalysis as well. 

Among the experimental procedures employed, 
variables other than cellulose have included concen- 
trations of pyrogallol/hydrogen peroxide (constant 
molar ratio maintained at 1:5) and iron(IIT). The 
formation of coloured oxidation products from pyro- 
gallol at 0-1 and 1-0 m.mole/20 ml. (after incubation 
in darkness, at 24+1° C. in 0-025 M potassium 
dihydrogen phosphate for 100 hr.) was accelerated 


A Substrate 0.1 mmole 
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by cellulose (50 mgm. Whatman No. 42 filter paper) 
in the presence of iron(III) (Fig. 1). With little or no 
metal ion, addition of filter paper had no effect, 
whereas at the highest iron(III) concentration 
2 x 10-5 mole/20 ml. (10-* M), addition of filter paper 
enhanced the reaction 2-3-fold. Essentially the same 
picture is presented both at low and high substrate- 
levels ; however, the combination of intermediate 
iron(III) concentration (10-° M) and low pyrogallol 
concentration permits only a slight effect of added 
cellulose, although the effect of cellulose is substantial 
at this metal ion concentration when more substrate 
is supplied. 

When visible (425 my, Bausch and Lomb ‘Spec- 
tronic 20’ spectrophotometer) and ultra-violet (260 mu, 
Beckman DU spectrophotometer) absorbancies were 
compared, it was noted that, with increase in iron 
(II1) from lowest to highest concentrations, visible 
absorption increased approximately 20-fold without 
cellulose and 50-fold in its presence in reaction 
mixtures with 1-0 m.mole of substrate. In the 
same circumstances, ultra-violet absorption increased 
approximately 5-fold without cellulose, but 15- 
fold in its presence. In effect, then, the relative 
enhancement by filter paper was somewhat greater 
when measured in the ultra-violet region. The relative 
effects noted at the lower concentrations of pyrogallol 
stand in sharp contrast to the preceding, for although 
there is a 3-fold effect of added filter paper at the 
highest iron(III) level, only a slight effect (5-20 per 
cent) of cellulose was in evidence when measurements 
were made at 260 mu. 

The absence of the cellulose effect as measured in 
the ultra-violet at lower concentrations of pyrogallol 
and its presence at higher substrate-levels was con- 
firmed separately in a similar experiment using 
10-> M iron(III) but only a 12-hr. reaction-time 
(Table 1). Here the level of pyrogallol was increased 
still further, and the products deposited in the filter 
paper taken into account. The importance of sub- 
strate concentration is evident here, as the greatest 
enhancement by added cellulose is found at 1-0 
m.mole pyrogallol, with a far smaller effect at 10-0 
m.moles, and essentially none at 0-1 m.mole. 


Table 1. EFFECT OF SUBSTRATE LEVEL AND CELLULOSE ON PYRO- 
GALLOL OXIDATION 
Pyrogallol (a) (b) (¢) 
(m.moles/ Control Cellulose In cellulose Ratio 
20 ml.) supernatant | supernatant (extract) (b + e)Ja 

0-1 1 -00* 1-00 0-05 1-05 
1-0 7-98 14-17 4-52 2-34 
10-0 132-0 158-7 5-02 1-24 


° Arbitrary 
to this value. 


; all other absorbancies (260 my) computed relative 


Substances formed during the oxidation of pyro- 
gallol under the various experimental conditions 
employed here have not as yet been isolated and 
characterized chemically ; however, some indications 
as to the diversity of these products have been 
obtained. 

The evidence presented here shows the iron(IIT)- 
catalysed homogeneous oxidation of a phenol to be 
enhanced by the presence of a water-insoluble 
macromolecule of comparatively low reactivity. The 
formation of a two-component catalyst is reminiscent 
of reconstitution of peroxidases from their separated 
protein and hem moieties. 

The role of a cellulose matrix in biosynthetic 
processes other than lignification remains a matter of 
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conjecture, but present evidence suggests the impor - 


tance of the cell wall in biochemical processes. 
This work was carried out with the support of U.S. 
Public Health Service research grant C-2730 (National 


Cancer Institute) while we were in the Department of 


Biology, University of Rochester. 
: N. S. GoopMAaNn 
Department of Biology, Brandeis University, 
Waltham, Massachusetts. 
S. M. SrecEL 
Union Carbide Research Institute, 
White Plains. New York. 
1 Siegel. S. M., J. Amer. Chem. Soc., 79, 1638 (1957). 
2 Siegel, S. M., and Siegel, B. Z., Nature, 179, 421 (1957). 
3 Keilin, D., and Hartree, E. F., Biochem. J., 44, 205 (1949). 


4 Newman, M. S., and Caflisch, jun., E. G., J. Amer. Chem. Soc., 80, 


862 (1953). 
5 Slater, E. C., Biochem. J., 45, 8 (1949). 
® Siegel, S. M., Proc. U.S. Nat. Acad. Sci., 48, 811 (1957). 


Analysis for Magnesium in High-Purity 
Aluminium 


ALTHOUGH there are several methods for determin- 
ing magnesium in aluminium, very few of these can 
be used successfully in the low concentration range. 
High-purity aluminium, as supplied by most alumin- 
ium manufacturers, usually contains magnesium in 
the range 1-50 p.p.m. Pohl! has developed a chemical 
method for concentrating the impurities and after- 
wards analysing by spectroscopy. We have de- 
veloped a distillation method to concentrate the 
impurities which is more specific than that of Pohl ; 
after the concentration the analysis can be com- 
pleted by any convenient method. 

The aluminium stocks analysed were obtained from 
various suppliers and were supplied as 99-99 or 
99-999 per cent pure. The apparatus used for the 
distillation consists of a ‘Vycor’ bell jar connected to a 
conventional high vacuum system. The sample was 
heated by induction, and the temperature was deter- 
mined with an optical pyrometer. A graphite plate 
supported the sample. The graphite was of a pure 
grade which has been developed for nuclear applica- 
tions, and it had been heated to a high temperature 
to get rid of any possible magnesium contamination. 

The procedure is as follows: a 10-gm. sample 
(either one piece cut from the billet or a composite) 
is wet ground, degreased in fresh methanol, etched 
in concentrated potassium hydroxide and weighed. 
It is then held at a temperature just below the 
melting point in the apparatus until degassing is 
completed (10-5 mereury). Afterwards, the tempera- 
ture is raised to 925-1,000° C. and held for 10-15 
min. in a vacuum of about 10-5 mm. mereury. After 
cooling, the distilled metal which had been condensed 
on the bell jar is dissolved in distilled hydrochloric 
acid or aqua regia prepared from distilled acids. 
The solution is analysed by spectroscopy or other 
convenient means. Limited experience indicates 
that the same results may be obtained by using a small 
sample, 1 gm., in a graphite or alundum crucible 
heated in vacuum by a resistance furnace. 

Results for four aluminium stocks are given in 
Table 1. 

There is a small temperature effect in the analysis. 
There is also a small effect of the magnesium /alumin- 
ium ratio in the solution, which variation is affected 
by variation in the time and temperature of distilla- 
tion. However, both these effects are quite small, 
and the greater errors are those of routine spectro- 
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Aluminium | No. of Time Temperature p.p.m. magnesium 

stock | samples | (min.) (°C)) (+ average 

} deviation) 

A s | %& 950 1-6 +02 

B 4 i 18 940 11 +02 

C 2 | #2 950 86+06 

D 7 12 920 11°-4+3-2 

D 3 15 1,000 12-6 £ 1-0 

graphic analyses. The minimum concentration of 


magnesium in aluminium which can be found by this 
method is about 1 p.p.m. 

In addition, the concentrations of other low-melting 
impurities, such as zine, lead, bismuth and cadmium, 
may be determined spectroscopically from the acid 
solutions. 

We wish to thank J. P. Faris, B. H. Meng and M. R. 
Trahey for the spectroscopic analyses. This work was 
done under the auspices of the U.S. Atomic Energy 
Commission. 

C. A. YOUNGDAHL 
F. E. DEBOER 
Metallurgy Division, 
Argonne National Laboratory, 
P.O. Box 299, 
Lemont, Illinois. 
May 27. 


'Pohl, F. A., Z. Anal. Chem., 142, 19 (1954). 


Volatile Methoxides of Aluminium and 
Zirconium 


THE methoxides of the alkali metals, magnesium, 
aluminium and zirconium were considered to be non- 
volatile due to their being either ionic or highly 
polymeric covalent in nature. Thus by contrast the 
penta-methoxides of quinquevalent niobium! (dimer), 
tantalum? (dimer) or uranium’ (trimer) may be 
distilled under a pressure of 0-1 mm. mercury. 
According to our structural theory for metal alk- 
oxides? it seemed possible that the degree of poly- 
merization of aluminium trimethoxide or zirconium 
tetramethoxide could be as low as 8-fold and approxi- 
mate calculations suggested that such compounds 


might be volatile at temperatures greater than 
200°C. Moreover, recent studies on the thermal 
stability of metal alkoxides® suggested that the 


methoxides would remain stable up to about 400° C. 
Accordingly we have attempted to sublime some of 
the ‘non-volatile’ methoxides in an all-glass mole- 
cular still at very low pressure. 

Aluminium methoxide. A sample prepared by the 
reaction catalysed by mercuric chloride and involving 
wuminium foil and methanol] was heated at 150° C. 
and about 10-§ mm. mercury and after 24 hr. a trace 
of sublimate had appeared. The temperature was 
then raised to 240°C. and a rapid sublimation 
occurred (found: Al, 22:7; OMe, 77-2 per cent; 
\l(OMe), requires: Al, 2 OMe, 77-5 per cent). 
li was noticed that freshly sublimed aluminium 
inethoxide dislodged from the cold finger volatilized 
uch more rapidly than the original unsublimed 
material and suggested a difference in their degrees 
of polymerization (see ref. 4 on ‘ageing’ of aluminium 
alkoxides). Samples of sublimed and unsublimed 
compound were sealed-off in capillaries for X-ray 
powder photographs. The sublimate gave a broad 
diffraction ring of small radius (Fig. 14) suggesting 
« low order of crystallinity while the unsublimed 


2°5; 
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material gave a similar picture (Fig. 1B) but with an 
additional ring of larger diameter. Both samples were 
then exposed to the atmosphere by breaking the ends 
of the capillaries. In each case X-ray pictures showed 
that hydrolysis had caused a complete breakdown of 
structure. Another sample of sublimate kept in a 
sealed capillary for one month showed no change in 
diffraction pattern. Similarly, a sample of sublimate 
kept in contact with dry methanol] for a month also 
showed no major structural change. On the other 
hand, microscopic examination of sublimate suspen- 
ded in benzene showed that it was initially isotropic 
but during one month became anisotropic (straight 
extinction) with isotropic bands. It appears, there- 
fore, that the methoxide exhibits a structural ‘ageing’ 
effect although the low degree of order in the solid 
makes difficult the observation of this effect by X-ray 
powder photography. It was also noteworthy that 
the freshly sublimed compound was _ practically 
insoluble in methanol or benzene. 

Zirconium methoxide. A sample was prepared from 
redistilled zirconium tetra-tert.-amyloxide by repeated 
treatments of the precipitated solid with fresh 
quantities of boiling methanol. Finally the zircon- 
ium tetramethoxide (found: Zr, 42-2 per cent ; 
Zr(OMe), requires: Zr, 42:4 per cent) was dried at 
190° C. and 0-1 mm. mercury. A sample heated in 
the molecular still at 250° C. slowly gave a sublimate 
but at 280°C. sublimation was rapid and complete 
(found: Zr, 42-6; OMe, 57-1 per cent; Zr(OMe), 
requires: Zr, 42:4; OMe, 57-6 per cent). X-ray 
powder diffraction patterns of the sublimed (Fig. 1C) 
and unsublimed (Fig. 1D) solids were very similar 
and showed a large number of well-defined rings 
indicating a highly crystalline substance. Exposure 
of the samples to the air caused destruction of the 
patterns except for one diffuse ring of large diameter. 
The solids were anisotropic. 

Lithium, magnesium and lanthanum methoxides. 


None of these solids showed any evidence of 


sublimation at 360°C. during a period of 18 hr. 
in the molecular still but they remained completely 
stable. 
are ionic and indeed the structural theory would 
suggest 


This does not prove that these compounds 


that if they are covalent the lithium and 
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magnesium methoxides should be giant polymers 
(assuming co-ordination numbers of 4 and 6 for 
lithium and magnesium respectively) while the 
minimum polymer for La(OMe), with 6 co-ordinated 
lanthanum would be an octamer (note that lanthanum 
tert.-butoxide is volatile®). 

We thank Dr. H. Carlisle for assistance with the 
X-ray studies and the Director, Atomic Energy 
Research Establishment, Harwell, for permission to 
publish these results. 


D. C. BRADLEY 
M. M. FaxTror 


Department of Chemistry, 
Birkbeck College, 
Malet Street, 
London, W.C.2. 


1 Bradley, D. C., Chakravarti, B. N., 
2381 (1956). 

* Bradley, D. C., Wardlaw, W., and Whitley, A., J. 
(1955). 

* Bradley, D. C., and Chatterjee, Amar K., J. Inorg. Nuclear Chein., 

4, 279 (1957). 

* Bradley, D. C., Nature, 182, 1211 (1958). 

® Bradley, D. C., and Faktor, M. M., J. Appl. Chem. (in the press). 

* Bradley, D. C., and Faktor, M. M., Chem. and Indust., 1332 (1958). 


and Wardlaw, W., J. Chem. Soc., 


Chem. Soc., 728 


BIOCHEMISTRY and PHYSIOLOGY 


Role of the Coenzyme in the Stabilization 
of Glyceraldehyde-3-phosphate 
Dehydrogenase 

THE role of a coenzyme is studied mostly with 
respect to the mechanism of reactions catalysed by 
specific enzymes. It has been established in some cases 
that coenzymes and prosthetic groups have a pro- 
tecting and stabilizing effect on the protein molecule. 
It is known that the large molecule of p-glyceralde- 
hyde-3-phosphate dehydrogenase (PGAD) (molecular 
weight 140,000) is labile, and does not contain 
disulphide linkages as stabilizing bonds?. 

According to Velick crystalline D-glyceraldehyde- 
3-phosphate dehydrogenase from rabbit skeletal 
muscle binds firmly 3 moles of diphosphopyridine 
nucleotide (DPN) per mole of protein®. We have found 
that crystalline p-glyceraldehyde-3-phosphate de- 
hydrogenase from beef, pig and dog also bind firmly 
the same amount of coenzyme*. It is presumed! 
that the firmly bound diphosphopyridine nucleotide 
has a stabilizing role and, as we have previously 
found, in the presence of excess diphosphopyridine 
nucleotide p-glyceraldehyde-3-phosphate dehydro- 
genase is fully resistant to the proteolytic action of 
trypsin‘. Therefore, we studied the role of diphospho- 
pyridine nucleotide in connexion with its stabilizing 
effect on the p-glyceraldehyde-3-phosphate dehydro- 
genase molecule, by measuring the changes in the 
specific optical rotation, intrinsic viscosity and 
digestibility occurring as a result of displacement of 
the bound coenzyme from the enzyme molecule by 
charcoal treatment and _ p-chloromercuribenzoate 
(PCMB) blocking?. 

The experiments were carried out with four times 
recrystallized pig p-glyceraldehyde-3-phosphate de- 
hydrogenase, prepared according to the method of 
Elédi and Szérényi’, in a 0-1 M phosphate buffer at 
pH 8-4. Displacement of the bound diphospho- 
pyridine nucleotide was assessed spectrophoto- 


metrically at the wave-lengths 250-290 and 330-370 
my. The results are given in Table 1. 
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Table 1. THE EFFECT OF DISPLACEMENT OF THE BOUND COENZYME 
ON SOME PROPERTIES OF D-GLYCERALDEHYDE-3-PHOSPHATE DE- 
HYDROGENASE 

Spec. opt. Intrinsic | Digestibility* 
PGAD tested rotation viscosity | by trypsin in | 
{aj?° \ {n] 30 min. at 
D 35° C. 
1. Control | 
PGAD (DPN); —30-6 \ 195 | 1-00 
2. Control + | | - | ; 
3 equiv. PCMB —40°8 7:80 | 2°80 
3. Charcoal treated —41°6 7°30 3°10 
4, Charcoal] treated + | " 
3 equiv. DPN —29°8° | 130 0-70 
5. Charcoal treated + | 
6 equiv. DPN —31-4 2-40 \ 0-14 
6. Charcoal treated + z ‘ p 
15 equiv. DPN —31°4° 3°05 | 0-0T 
7. Urea denatured —99-7° 42:5 | 14-2 


* Digestion was carried out with crystalline trypsin. The extinction 
of the deproteinized reaction mixture and the amount of protein 
precipitable with 6-6 per cent trichloracetic acid were measured. 
The digestibility of the control experiments has been taken arbitrarily 


as unity. 
+ Digestibility after 3 hr. incubation. 


It can be seen that the displacement of the bound 
coenzyme causes a change in the structure of the 
enzyme shown by the changed specific optical rota- 
tion and intrinsic viscosity and the enhanced di- 
gestibility. These changes are in the same direction 
as those caused by denaturation, the effect, however. 
being much less pronounced than that caused by 
treatment with urea. 

Re-addition of the amount of diphosphopyridine 
nucleotide displaced from the protein molecule 
completely restores the initial properties. Addition 
of a greater excess of coenzyme does not alter the 
optical rotation of the protein, but it increases its 
intrinsic viscosity and stabilizes the structure of the 
enzyme against proteolysis. 

The above results suggest that the bound diphospho- 
pyridine nucleotide stabilizes the structure of the 
enzyme molecule in a given configuration, which may 
be necessary to the catalytic action. The effect 
found with excess diphosphopyridine nucleotide 
requires a more extended experimental analysis. 

The details of these experiments will be published 
in Acta Physiologica Academie WScientiarum Hun- 
garicae. 

P. Exépr 
G. SZABOLCSI 


Institute of Biochemistry, 
Hungarian Academy of Science, 
Budapest. 

March 3. 


1 Velick, S. F.. in McElroy, W. D., and Glass, B., ed., “The Mech- 
anism of Enzyme Action’’, 491 (Johns Hopkins Press, Baltimore. 
1954). 

2 Velick, S. F., J. Biol. Chem., 288, 1455 (1958). 

3 Elédi, P., and Szo6rényi, E., Acta Physiol. Hung., 9, 339 (1956). 

4 Szabolesi, G., Acta Physiol. Hung., 18, 214 (1958). 


e-N-Methyl-lysine in Bacteria! Flagellar 
Protein 

FLAGELLAR proteins (flagellins) from several species 
of bacteria have been studied by Weibull? and, more 
recently, by Koffler?. The present investigations have 
revealed differences in the amino-acid compositions 
of the flagellins from Proteus vulgaris and Salmonella 
typhimurium (Table 1). Also the latter protein has 
been found to contain ¢-N-methyl-lysine, an amino- 
acid that has not been previously found to occur 
naturally. 
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Table 1. AMINO-ACID COMPOSITION OF FLAGELLINS 
From (A) Salmonella typhimurium SW1061: two independent 
determinations. 
from (B) Proteus vulgaris (Koffler, ref. 2): recalculated for com- 
parison purposes. 
Results expressed as gm. residues/10° gm. protein 


(A) (B) 

(ilycine 79 81 36 
{lanine 147 150 110 
Valine 60 60 64 
Leucine 74 76 86 
/soLeucine 49 46 56 
Glutamic acid 96 96 97 
Aspartic acid 155 153 166 

Serine | 5) 57 68 
rhreonine | 101 99 85 
lyrosine 20 are 3 
Phenylalanine 3 14 24 
fryptophan 0 0 0 
Proline 13 9 0 
Cystine/2 0 0 6 
Methionine 3 3 7 
Lysine 3: 31 49 
-N-methyl-lysine 28 24 0 

Arginine \ 24 29 40) 
Histidine 4 0 1) 
otal residues 958 955 957 
Amide groups 156 152 144 


<-N-methyl-lysine was identified in hydrochloric 
acid hydrolysates of the flagellin by paper electro- 
phoresis, and by chromatography on paper (Fig. 1) 
and ion-exchange resin. In several systems the 
amino-acid from flagellin behaved in a similar way 
to a sample of synthetic ¢-N-methyl-lysine (obtained 
from Dr. F. Sanger: Neuberger and Sanger*), and 
could be differentiated from the isomeric x-N-methyl- 
lysine and homolysine. The ¢-N-methyl-lysine from 
flagellin was separated from the other hydrolysis 
products by ion-exchange chromatography, and was 
crystallized as the monohydrochloride. Elementary 
analysis agreed with the formula C;H,;N.O0.Cl (cal- 
culated: C, 42-8; H, 8-65; N, 14:3; found: C, 
42-7; H, 8-91; N, 14-5). The bacteria were found 
to incorporate lysine-4C into the flagella both as 
lysine and as the new amino-acid, under conditions in 
which no other amino-acid was made radioactive. 
Dinitrophenyl-flagellin, on hydrochloric acid hydroly- 
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i tig. 1. Two-dimensional chromatogram of a 24-hr. 105° C.,6 N 

| ydrochlorie acid hydrolysate of 0-2 mgm. of Salmonella typhi- 

vurium SW1061 flagellin. Method of Levy and Chung (ref. 4). 

t vent 1: n-butanol/acetic acid/water (4:1:5). Solvent ¢ 

i : 1 m-cresol/phenol, pH 9-3 borate buffer. Whatman No. 52 
paper. NML, e-N-methyl-lysine 
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sis, yielded two yellow water-soluble components, 
namely, ¢-dinitropheny)]-lysine and <-dinitropheny}- 
e-N-methyl-lysine. The latter was characterized by 
the Rr value, the absorption spectrum (with a 
maximum at 388 my), and by hydrolysis with an 
ammonia solution to give the free amino-acid. 
Peptides from tryptic and chymotryptic digests of 
flagellin were separated by paper electrophoresis ; 
several peptides were found to contain <-N-methyl- 
lysine, and the ratio of lysine to ¢-N-methyl-lysine 
varied from peptide to peptide, indicating that 
¢-N-methyl-lysine occurs at several sites in the 
polypeptide chain. 

The organism used for most of the experiments 
was Salmonella typhimurium strain SW1061, and was 
normally grown on a broth/agar medium. In the 
isolation of crystalline ¢-N-methyl-lysine monohydro- 
chloride, when large amounts of starting material 
were required, some flagella from other Salmonella 
species were used. 

Our thanks are due to Drs. B. A. D. Stocker and 
D. Kerridge for material, to Dr. F. Sanger for advice, 
and to Miss B. Worboys for assistance. 

R. P. AMBLER 


Department of Biochemistry, 
University of Cambridge. 
M. W. Rees 
Agricultural Research Council 
Virus Research Unit, 
Huntingdon Road, 
Cambridge. 

1 Weibull, C., Acta Chem. Scand., 5, 529 (1951); 7, 335 (1953). 
* Kotter, H., Bact. Revs., 21, 227 (1957). Rinker, N. J., Kobayashi, 

T., and Koftler, H., Fed. Proc., 16, 238 (1957). 
> Neuberger, A., and Sanger, F., Biochem. J., 38, 125 (1944). 
‘Levy, A. L., and Chung, D., Anal. Chem., 25, 396 (1953). 


Inhibitory Effect of Fungistatic Antibibtics 
on the Production of Amylase by 
Penicillium chrysogenum 


THE washed mycelium of Penicillium chrysogenum 
is Able to synthesize amylase in the presence of starch. 
The production of this enzyme starts after 4 hr. 
incubation independently of the original carbo- 
hydrate content of the medium. 150-250 u. enzyme/ 
100 ml. will be produced during further incubation 
for the next 4-6 hr. This enzyme production was 
inhibited by 2,4-dinitrophenol (3 x 10-*M) and 
sodium azide (10-4 MW), but was not influenced by 
streptomycin (2,000 ugm./ml.), chloramphenicol 
(200 ugm./ml.) or oxytetracycline (500 ygm./ml.). 
The effect of the fungistatic antibiotics on the pro- 
duction of the enzyme was examined under experi- 
mental conditions identical with those previously 
reported'. Aqueous dilutions of solution of the 
fungistatic substances in methanol were added to 
the incubated mixture. Amylase was determined 
by the method of Smith and Roe?; the results 
(Table 1) show that production of this enzyme is 
very sensitive to the presence of the substances 
mentioned above. 

Shepherd’ and Kerridge* observed that with 
Aspergillus nidulans and Saccharomyces carlsbergensis, 
respectively, synthesis of protein and of nucleic acid 
was inhibited by antibiotics only in growth-inhibiting 
concentrations. Furthermore, Kerridge found® that 
‘Actidion’ is able to influence the synthesis of the 
adaptive maltozymase system in concentrations 
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Table 1. INHIBITION OF AMYLASE PRODUCTION (PER CENT) 
Concentration of the antibiotics (“gm./ml.) 

100 10 1 0-1 0-01 

Nystatin (ref. 3) 100 100 90 45 25 

Flavofungin (ref. 4) 95 20 0 0 0 

Trichotecin (ref. 5) 100 80 60 10 0 

7T-substance* (ref. 6) 100 80 60 10 0 


* A new antibiotic similar to trichotecin, 


below that necessary to inhibit growth. Our results 
are similar to those cited. It is striking, however, 
that nystatin inhibits the production of amylase at 
a much lower concentration than other fungistatic 
antibiotics ; at a concentration, moreover, at which 
it exerts no fungistatic action. This fact may play 
a prominent part in the therapeutical applicability 
of nystatin. 

I. HorvAtTH 

A. SZENTIRMAI 


Research Institute of the 
Pharmaceutical Industry, 
Budapest. 
Feb. 28. 
1 Horvath, 1., Bajusz, S., and Szentirmai, A., Nature, 188, 477 (1959). 
?Smith, M. B., and Roe, J. H., J. Biol. Chem., 179, 53 (1949). 
3’ Hazen, E. L., and Brown, R., Proc. Soc. Exp. Biol. Med., 76, 935 
(1951). 
‘Uri, J., and Békési, I., Nature, 181, 908 (1958). 
®* Freeman, G. G., and Morrison, R. I., Nature, 162, 30 (1948). 
€ Glaz, E., et al. (private communication), 
7 Shepherd, C. J., J. Gen. Microbiol., 19, 497 (1958). 
* Kerridge, D., J. Gen. Microbiol., 19, 497 (195s). 


Detection and Identification of the 
Polyphenoloxidase Substrate of the 
Banana 


BLACKENING of the fruit of the banana may occur 
during cultivation, when the cause is usually of 
pathological origin, or during storage if ripening is 
not adequately controlled. The biochemical changes 
involved in the blackening of the fruit have received 
little study, although evidence for the existence of an 
enzyme system in the fruit of the banana capable of 
oxidizing substances of the catechol type was presen- 
ted by Onslow! in 1920. The existence of flavonoid 
compounds in the edible banana has been reported?, 
Robinson? detected delphinidin in the hydrolysis 
products of the pulp of an edible banana while 
Simmonds*, who has described the anthocyanin 
pigments of the bracts of a number of banana species 
in detail, reported that the skin and pulp of fruit 
of the edible varieties contained large amounts of 
leucoanthocyanins. Indirect evidence was, however, 
obtained’ that the polyphenol oxidase system of the 
banana was unable to act on the leucoanthocyanins 
present to produce brown colorations. Recently, the 
presence of serotonin and related compounds in 
the fruit of the banana was reported by Waalkes 
et al.®. The ability of these compounds to serve as 
substrates for polyphenoloxidase was not, however, 
explored. 

During the past year, chromatographic studies at 
the Imperial College of Tropical Agriculture have 
indicated that the major browning substrate of the 
edible banana is 3,4-dihydroxyphenylethylamine and 
have confirmed the opinion of Simmonds that the 
leucoanthocyanins present are not acted upon by 
banana polyphenoloxidase. 
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Two varieties of banana were utilized in these 
studies: the clone Gros Michel, which is extensively 
cultivated in tropical America and to a more limited 
extent in Jamaica for export, and the clone Mysore, 
which is grown wholly for local consumption. The 
polyphenols of the banana skin were extracted by 
macerating 25 gm. of tissue in 50 ml. of 1 per cent 
methanolic hydrochloric acid. After filtration, 
0-02 ml. of this extract was applied to the chromato- 
gram, which was developed with butanol/acetic acid/ 
water (40:10:50). After drying, the chromatogram 
was sprayed with a polyphenoloxidase preparation 
and incubated in a humid chamber® until the brown- 
ing changes were complete. A single zone showing 
intense darkening developed on the chromatogram 
and after drying its position was marked. By this 
means it was shown that the major browning sub- 
strate of the banana possessed an Rp of 0-42 in 
butanol /acetic acid/water. Although a large amount 
of stationary leucoanthocyanin was present on the 
base-line (evidenced by a high yield of the antho- 
cyanidin, delphinidin on acid hydrolysis of the strip), 
no browning occurred in this region. These results 
were later confirmed by two-dimensional chromato- 
graphy, in which primary development with 2 per 
cent acetic acid was followed by a secondary develop- 
ment with the butanol/acetic acid/water solvent 
system. 

The enzyme preparations used to locate the 
browning substrate were (a) banana polyphenoloxi- 
dase, (b) cacao polyphenoloxidase® and (c) tyrosinase 
(from mushrooms, L. Light and Co., Ltd.). The last 
two enzymes were applied to the chromatogram ss 
aqueous or buffered solution by means of a glain 
spray®. The application of the banana enzyme to 
the chromatogram was complicated by its relative 
insolubility in water, the activity being almost wholly 
lost on filtration. Since spraying the unfiltered 
suspension was impracticable, application of the 
enzyme preparation was effected by the following 
means. 25 gm. of banana pulp in 50 ml. of distilled 
water was homogenized in a microblender for 10 min., 
after which the crude suspension was applied to the 
chromatogram by means of a small nylon brush, 
which was dipped into the suspension and then caused 
to emit a spray by passing a glass rod firmly and 
rapidly over the bristles. The semi-solid suspension 
was thus evenly distributed over the chromatogram 
and on incubation a well-defined area of browning, 
corresponding in position to that given by the other 
polyphenoloxidase preparations, formed on _ the 
chromatogram. 

Since the crude banana extract possessed similar 
activity to the well-characterized polyphenoloxidases 
of the mushroom and cacao, it is evident that a highly 
active phenol oxidizing system is present in the fruit 
of the banana, and it was shown that aqueous 
extracts of banana pulp possessed the ability to 
oxidize added (—)-epi-catechin and catechol at «a 
rapid rate. 

Comparison of the chromatographic properties of 
the browning substrate with those of the naturally 
occurring phenolic acids and flavonoids indicated that 
the substance did not correspond to any previously 
reported compound in either of these groups. With 
certain spray reagents, however, the colours given 
closely resembled those given by 3,4-dihydroxy- 
phenylalanine, and it appeared that although tho 
2p values of these two compounds differed con- 
siderably, there was a strong possibility that the 
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Browning 3,4-Dihydroxy- 


substrate phenylethylamine 
| Butanol/acetic 
acid/water 
(40:10: 50) 0°42 0-42 
he values| 2 per cent 
acetic acid 0-69 0-69 
phenol/sulphur 
dioxide 
(ref. 5) 0:43 0°43 
p-nitro-aniline | brown— purple-—- — brown— purple 
(ref. 4) black black 
| Potassium 
ferricyanide 
| (ref. 5) pink— lavender pink— lavender 
Spray ultra-violet 
agents fluorescence 


after spray- 
ing with pot- 
assium ferri- | 
| eyanide 
1 per cent | 
ethanolic fer- 
ric chloride pale olive green 
| 


blue blue 
pale olive green 


browning substrate was closely related chemically 
to the latter substance. It was later shown that the 
browning substrate was chromatographically identical 
with an authentic specimen of 3,4-dihydroxyphenyl- 
ethylamine (Delta Chemical Works Inc.) (Table 1). 

3.4-Dihydroxyphenylethylamine was shown to be 
present in both skin and pulp of the edible banana. 
Although the amount present in the pulp was very 
much lower than that found in the skin, its presence 
was readily demonstrated chromatographically by a 
preliminary concentration of the pulp extract in a 
vacuum oven. 3,4-Dihydroxyphenylethylamine was 
detected also in other parts of the banana plant, 
including the bracts of the flower. Although the amine 
was present in large amounts, the corresponding 
amino-acid, 3,4-dihydroxyphenylalanine, was not 
detected in any of the extracts examined. 

Examination of banana skin in which blackening 
was pronounced showed that the content of 3,4-dihy- 
droxyphenylethylamine was low or nil. A similar 
decrease resulted when skin tissue was macerated in 
water. Under these conditions an immediate darken- 
ing occurred and afterwards 3,4-dihydroxyphenyl- 
ethylamine could not be detected in the reaction 
mixture. When the maceration was carried out in 
| per cent hydrochloric acid, or when the tissue 
Was first dropped into boiling water to arrest enzymic 
action, no darkening occurred and 3,4-dihydroxy- 
phenylethylamine could be detected in normal 
quantity. These observations provide confirmation 
that. 3,4-dihydroxyphenylethylamine is the natural 
precursor of the black pigment observed in oxidized 
banana tissue. 

| wish to express my appreciation to Mr. 
NX. W. Simmonds for much helpful advice and for 
assistance in obtaining plant material for these and 
related studies. 


L. A. GRIFFITHS 
Regional Research Centre, 
Imperial College of Tropical Agriculture, 
Trinidad, 

British West Indies. 
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*Waalkes, T. P., Sjoerdsma, A., Creveling, C. R., Weissbach, H., 


ind Udenfried, S., Science, 127, 648 (1958). 
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Lipase Activity in the Brown and Yellow 
Adipose Tissue of the Bat 


Our histochemical observations on the brown 
and yellow adipose tissue of the bat, Hipposideros 
speoris, showed that the activity of lipase is more or 
less the same in the two types of adipose tissue 
(unpublished). Faweett!, using histochemical 
methods, reported a much higher concentration of 
lipase in the brown than the yellow adipose tissue of 
the rat. Here we report the results of a quantitative 
study of lipase activity in the brown and yellow adi- 
pose tissue of the bat, Hipposideros speoris. 

The enzyme material used was an aqueous extract 
of ether-defatted brown and yellow adipose tissue 
prepared in the following manner. After decapitation, 
the subcutaneous interscapular brown adipose tissue 
and the yellow adipose tissue from the lower lateral 
sides of the abdomen were carefully removed and 
separately minced, defatted in two changes of ethyl 
ether at room temperature for 2 hr. and dried in a 
vacuum desiccator at room temperature. Extracts 
of the material were made by grinding with clean 
sand in cold distilled water in a test-tube for 1 hr. 
and centrifuging at about 2,500 r.p.m. for 5 min. 
The supernatant was used for the study. The method 
used for the assay was a manometric method adopted 
from Martin and Peers? using the Warburg apparatus, 
with a bicarbonate-carbon dioxide buffer system 
pH 7-4 at 37°C. using tributyrin as substrate. The 
reaction flask contained 1-5 ml. of 0-025 M bicarb- 
onate solution, 1 ml. enzyme solution in the main 
chamber and 0-5 ml. 4 per cent (v/v) tributyrin in 
0-0148 VW bicarbonate (emulsified by shaking with a 
drop of ‘Tween, 80°) in the side arm, making a total 
volume of 3 ml. The manometers and flasks were 
gassed for 3 min. with a mixture of 95 per cent 
nitrogen and 5 per cent carbon dioxide from a 
cylinder. After equilibration for 10 min. the substrate 
was tipped in and two readings taken at intervals 
of 30 min. The manometers were shaken at about 
100 oscillations/min. with an amplitude of 4-5 cm. 
per oscillation. 

Lipase activity was calculated on the basis of the 
protein concentration of the enzyme solution used 
and is expressed as ul. carbon dioxide produced 
mgm. protein/hr. Protein was estimated by the 
micro-Kjeldahl method for total proteins’. 


Table 1. LIPASE ACTIVITY IN THE ADIPOSE TISSUES FROM ABOUT 


35 BaTs 


Lipase activity 
Ga. CO,/mgm. protein/hr.) | 


Tissue 


Brown adipose 
Yellow adipose 


30°45 


37°85 


From the results obtained it is evident that the 
yellow adipose tissue has a higher lipase activity than 
the brown, but at the same time the difference in 
concentration of the enzyme in the two types of 
adipose tissue is not sufficient to show a pronounced 
difference in histochemical preparations. Among the 
other enzymes studied by histochemical methods 
(George and Eapen, unpublished) a distinct difference 
was observed only in the case of the dehydrogenases, 
such as succinic and lactic dehydrogenases, occurring 
in much higher concentrations in the brown than 
in the yellow adipose tissue. Fat in the yellow adipose 
tissue is reported to be mobilized in greater concentra- 
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tion and at a faster rate than in the brown adipose 
tissue’. This could be accounted for by the higher 
concentration of lipase in the yellow adipose tissue. 
It may also be mentioned that the lipase activity in 
the pigeon adipose tissue is about six times greater 
than in the yellow adipose tissue in this bat®. 


J. C. GEORGE 
J. EAPEN 


Laboratories of Animal Physiology 
and Histochemistry, 
Department of Zoology, 
M.S. University of Baroda, 
India. 
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‘On’- and ‘Off’-Responses of the Olfactory 
Epithelium 

SLow-action potentials have been found in various 
sensory receptors in response to adequate stimuli. 
They were first found in the olfactory epithelium 
of a dog by Hosoya and Yoshida'. Recently, Ottoson? 
studied them extensively in the olfactory epithelium 
of a frog. He showed that the action potential 
is of a triangular shape, having a steeply rising 
limb, a round summit and a gradually falling limb 
in an exponential curve. When the duration of the 
olfactory stimulus is long, a plateau appears in the 
middle of the falling limb and continues as long as 
the stimulation. It is sueceeded by an exponentially 
falling limb at the cessation of stimulation. 

In the course of our experiments on the olfactory 
epithelium of a frog and a toad, action potentials 
were frequently found at the cessation of stimulation. 
Thus, two slow-action potentials appeared at the 
onset and the cessation of stimulation (Fig. 1, 6, ¢ 
and d). These phenomena are well known in the 
retina’, in the optic nerve? and in the auditory nerve’. 
They are called ‘on’- and ‘off’- responses respectively. 
It is interesting that similar phenomena were found 
in the olfactory epithelium as well. 


a? a oa 


(b) Se Kinartcs = | ae 


(d) a ee 





= a ae 
(e) a a 
Fig. lL. On- and off-responses. (a), On-response. (4), (c) and (d), 


Various types of on-off-responses. The on-response is bigger 
than the off-response in (6) and vic: versain (d). (¢), Off-response. 
The horizontal lines above the potentials on the left indicate 
the durations of olfactory stimulation. The vertical and hori- 
zontal bars on the right show 50 wV. and 1 sec. respectively 
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In order to study the stability of these response 
types, olfactory stimulation of the same odour and 
same intensity was repeated. It was found that the 
shapes and magnitudes of the potentials varied from 
time to time. An instance of such variability was 
shown in Fig. 1, b, c and d. The on-response is bigger 
than tho off-response in Fig. 1, b, but vice versa in 
Fig. 1, d. These differing results were obtained in the 
same epithelium by successive stimulation. From 
these observations, it is supposed that the relation 
between the on- and off-responses is not simple and 
steady in the olfactory epithelium. In a few cases only 
the off-responses appeared (Fig. 1, e). Thus, in the 
olfactory epithelium of a frog and a toad, three types 
of responses, pure on-, pure off- and on-—off-, were 
observed. 

The olfactory epithelium is a single cell laye: 
constituted by the olfactory and sustentacular cells 
arranged in parallel. A synapse has not been found 
in the epithelium. Consequently, it is supposed that 
these responses are produced by the activity of the 
olfactory cells. Dogiel® and Jagadowski? described 
three types of receptor cell—one spindle shaped, 
one columnar and one conical. Though these findings 
have not been confirmed by other histologists, 
it is presumed that there may be two or three types 
of the olfactory cells, corresponding to the on- and 
off-, or on-, off-, and on—off-responses. 

Detailed results and discussion will be published 
clsewhere. 

S. F. TAKAGI 
T. SHIBUYA 
Department of Physiology, 
School of Medicine, 
Gunma University, 
Maebashi, Japan. 
. ae Y., and Yoshida, Hf., Jap. J. Med. Sei., 111 Biophys., 5, 22 
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-Ottoson, D., Acta Physiol. Scand., 35, Supp., 122 (1956). 
> Granit, R., “Sensory Mechanisms of the Retina’ (Oxford University 
: Press, London, 1947) 
‘Hartline, H. K., Amer. J. Physiol., 121, 400 (1933). 
®Galambos, R., J. Neurophysiol., 15, 381 (1952). 
*Pogiel, A., Arch. Mikr. Anat., 26, 50 (1886). 
7 Jagadowski, K. P., Anat. Anz., 19, 257 (1901). 


Synthesis of Diphosphopyridine Nucleotide 
from Nicotinamide by Slices of Liver 


FOLLOWING the injection of nicotinamide, large 
increases in the diphosphopyridine nucleotide content 
of mouse tissues, particularly liver, have been reported 
by Kaplan and co-workers!. Although it is thought 
that diphosphopyridine nucleotide is synthesized 
from adenine mononucleotide, the increase in. the 
former is accompanied by an increase in the total 
acid-soluble adenine content of the liver. 

The present work shows that contrary to other 
reports? there is an increase in the content of 
diphosphopyridine nucleotide of rat and mouse liver 
incubated in oxygen in vitro in the presence of 
nicotinamide, Three- to four-fold increases in content 
of diphosphopyridine nucleotide were obtained both 
in vitro in the presence of 10-? M nicotinamide and 
in vivo after the injection of 500 mgm./kgm. nicotin- 
amide. The levels of triphosphopyridine nucleotide 
wero unaffected. 

In vitro the formation of diphosphopyridine 
nucleotide is at the expense of adenine mononucleotide 
(Table 1), as is to be expected if the former is formed 
from adenosine triphosphate and nicotinic acid or 
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Table 1. EFFECT OF NICOTINAMIDE ON THE LEVELS OF ADENINE NUCLEOTIDES IN RAT LIVER 
sai ; ; “ > — Z 
| umoles/gm. frozen tissue. Mea ins + standard error 
| No. of + + ——- —— -— —$—_—— —-_—_— a 
| experime nts | DPN | Analogue Sum : ATP 4 “ADP 4 + AMP | ATP 
Control slices 11 | 0-22 4. 0-01 115 + 0-07 | 0-62 + 0-05 
slices + 10-* M nicotinamide | 11 0:66 + 0-06* 0-32 - 0-06 0-65 + 0-07* 0°34 0-05* 
Change +0: 44 + 0°32 0-50 | 0°28 
Control rats 7 | 0604005 | | 377 + 0-11 | 1-12 4 0-17 
icotinamide-treated rats | 
(500 mgm./kgm.) 4 | 2°31 + 0:14* 0:44 + 0-03 | 3-19 0:17 1-05 0-18 
Change | + 1°71 0-44 | 0-58 0-07 
; ; * Significantly different from correspondii g control mean at P< 0-001. 
Slices were weighed after freezing in liquid nitrogen following a 3-hr. incubation in Krebs—Ringer- phosphate medium in conventional 


Warburg apparatus. Gas phase oxygen, glucose 200 mgm. per cent. 


chromatography (isobutyric acid-ammonia and acetone—water systems) as previously described (ref. 7). 
wer pooled for each determination and the nucleotides in the perchloric acid extract were adsorbed on to 50 mgm. 


Nucleotides were separated ae estimated using two-dimensional 
Three approximate ly 100-mgm. slices 


‘Norit’ columns. 


Liver samples were quickly removed from dec: apitated rats 3 hr. after the intraperitone alinjection of nicotinamide, frozeninliquid nitrogen, 


and the nucleotides separated and estimated as above, using 150 mgm. 
and ATP, adenosine mono-, di- and tri-phosphate. 


nies tinamide mononucleotides**. Jn vivo the total 
adenine nucleotide concentration rises. It is clear 
that liver slices cannot replace the adenine mono- 
nucleotide used in this synthesis as readily as the 
intact liver. 
Mouse liver 
increases in 
obtained. 
Chromatograms of the nucleotides in rat and mouse 
liver slices after incubation with nicotinamide, and in 
liver of both species after the injection of nicotin- 
showed the ultra-violet- 


twofold 
being 


slices behaved 
diphosphopyridine 


similarly, 
nucleotide 


amide, presence of an 
absorbing spot not present in the controls. The 
compound has been identified on the following 


grounds as the nicotinic acid analogue of diphospho- 
pyridine nucleotide : (1) The appearance of a peak at 
315 my in the absorption curve following the addition 
of potassium cyanide. (2) A phosphorus to adenine 
ratio of 2:1: 2. (3) The electrophoretic 
pattern of the new compound after alkaline hydrolysis 
differed from that of similarly treated diphospho- 
pyridine nucleotide only in the presence of a com- 
pound migrating with nicotinic acid and the absence 
of nicotinamide. (4) The compound co-chromato- 
graphed with the synthetic nicotinic acid analogue 

the two-dimensional system used. (5) The com- 
pound and the synthetic analogue were not reduced by 
alcohol dehydrogenase, thus distinguishing them from 
diphosphopyridine nucleotide. The incorporation of 
nicotinic acid labelled with carbon-14 into diphospho- 
pyridine nucleotide by human erythrocytes® and the 
synthesis of the nicotinic acid analogue by mouse 
liver® suggested that nicotinic acid itself might be 
utilized by liver slices for the synthesis of diphospho- 
pyridine nucleotide. However, the incubation of rat 
liver slices in the presence of 10-? M nicotinic acid did 
not lead to the formation of diphosphopyridine 
nucleotide or its nicotinic acid analogue. Kaplan has 
also that nicotinic acid not 
the level of diphosphopyridine 


to ribose 


shown in vivo does 
markedly 
nucleotide. 
On the addition of phosphorus-32 to the incubation 
medium containing 10-* M nicotinamide and rat liver 


slices the nicotinic acid analogue had a much higher 


increase 


Ta 2. 
PYRIDINE 


THE INCORPORATION OF PHOSPHORUS-32 INTO DIPHOSPHO- 
NUCLEOTIDE AND ITS NICOTINIC ACID ANALOGUE in. vitro 
——_—___—__——— 
Specifie activity 
| (counte/min. mgm. IP r 
14,700 
65,700 


 phosphopyridine nucleotide 
icotinie acid analogue 


_ Shees were incubated as in Table 1, 
froi: side-arm after 2-hr. incubation. 


10 pe. phosphorus-32 added 


‘Norit’ columns. DPN, Diphosphopyridine nucleotide ; AMP, ADP 


specific activity than the diphosphopyridine nucleo- 
tide, suggesting that it was a precursor and not a 
breakdown product of the latter (Table 2). 

These results are consistent with current ideas* that 
nicotinic acid and di-nucleotides are inter- 
mediates in the biosynthesis of diphosphopyridine 
nucleotide but do not explain why nicotinic acid does 
not lead to increased levels of diphosphopyridine 
nucleotide following incubation of slices or injection 
in vivo. 

I wish to thank 
ing the synthetic 
analogs and Mr. R. Manston for 
assistance. 


mMmono- 


Prof. N. O. Kaplan for supply- 
diphosphopyridine nucleotide 
skilled technical 
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Increased Circulating Insulin-like Activity 
in Obese-Hyperglycemic Mice 


THE hereditary obese-hyperglycemic syndrome of 
mice is a condition characterized by extreme adiposity, 
hyperglycemia, hyporcholesterolzmia, and a variety 
of metabolic, endocrine, enzymatic and behavioural 
idiesynerasies'-3. High blood glucose values are 
observed under conditions of ad libitum feeding in 
spite of an increased insulin content of the pancreas, 
extensive hypertrophy of the islets of Langerhans 
and marked hyperplasia and degranulation of the 
beta-cells*. 

The availability of the bioassay recently developed 
by Martin et al.° offered an opportunity to compare 
the insulin-like activity in the serum of obese-hyper- 
glycemic mice and their lean litter-mates, both in fed 
and fasted states. This bioassay is based on the 
observation that insulin increases the in vitro oxida- 
tion of glucose-1-"C by rat epididymal fat, there 


existing a satisfactory linear correlation between the 
square root of this effect and the logarithm of the 
insulin-level®. 


133 three months old adult mice and 
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Table 1. 


CIRCULATING INSULIN-LIKE 


Slope of 


Experi- | response Type and status 
mental log dose of animals* Average 
series | line Number and sex weight 
(gm.) 
| 0-71 Adult Fed 25 D4 
(147M +38 F) 
2 1-27 Adult Fed 21 Hs 
(q_iM 10 F) 
3 2:21 Adult Fastedt 19 56 
(10 M 9 F) 
4 1-52 Ageing Fed 21 \ 59 


(14 M+ 7 F) 


* Adult animals are 3 months old; ageing animals are 
+ Fasted animals have been deprived of food for 24 hr. 
¢ The sign > 


53 fourteen months old ageing mice were used. 
Body-weights were 54-59 gm. for the obese mice 


and 25-32 gm. for the non-obese. The 21 ageing 
obese mice had been previously subjected to a 


regimen of alternating undernutrition (and weight 
and ad libitum refeeding (and weight gain). 
It has been shown’ that the life expectancy of such 
animals is shorter than that of animals allowed 
to gain weight without interruption. 

l-ml. individual blood samples were drawn under 
light ‘Nembutal’ aniesthesia from the vena cava or 
the main thoracic vessels and rapidly centrifuged. 
After a few severely haemolysed samples had been dis- 
carded, the sera were pooled and stored overnight at 
5° C. Serum glucose was determined by the method 


loss) 


of Somogyi-Nelson*® 

For each bioassay, the subdivided epididymal fat 
pads of 3 test rats (200-250 gm. Wistar mates) were 
incubated with 2 ml. pooled serum or recrystallized 
insulin (Eli Lilly batch 366368) diluted serially down 
to 1,000 and 62) wunits/ml. with Krebs-Ringer 
bicarbonate buffer with 2 mgm./ml. gelatin added. 
The glucose concentration of both buffers and sera 
was made up to 3 mgm./ml. containing glucose-1-"4C 


(0-2 ue. per flask). In the case of the ageing obese 
mice the high serum glucose was left unchanged 


except for the addition of labelled glucose. The 
temperature in the Dubnoff incubator was 37-6° C. 
and the duration of incubation 2 hr. The rather 
wide range of insulin-like ectivities in the pooled 
sera (Table 1) was probably due to the variability 
of whole batches of mice and to that of the test rats, 
the epididymal fat of which was used for the bioassay. 
However, the obese and non- 
obese mice were always run in parallel, and with this 
in mind, the results of the between 
obese and non-obese animals within the framework 


bioassays of sera of 


COMParisons 


of each series appear highly significant (Table 1). 
Obese mice (except extremely aged animals) 


exhibited a higher circulating insulin-like activity 
than non-obese. This relationship held for fasted as 
well as for fed Only in the ageing 
mice with high serum glucose was circulating insulin- 
like activity lower than in the animals 
of the same age. 

It thus that the inerease in circulating 
insulin-like activity in the obese-hyperglyeamic 
mice previously postulated on the basis of increased 
insulin content and histological aspect of the pancreas 
has been confirmed, The hyperglycaemia in these 
animals is thus not due to @ primary lack of insulin- 
like activity in the blood es is the case in totally 


mice. obese 


non-obese 


appears 


depancreatized dogs and cats and probably in young 
diabetics who require insulin for survival. 
analogous to untreated obese maturity-onset diabetes 


It seems 


ACTIVITY IN OBESE-HYPERGLYCEMIC 


Obese 


VoL. 184 


July 4, 1959 


MICE AND THEIR NON-OBESE LITTER-MATES 


Non-obese 


Serum 


Serum Serum Serum 
glucose insulin-like Number) Average glucose | insulin-like 
(mgm./ activity and sex weight (mgm./ activity 
100 ml.) | (aunits/ml.) (gm.) 100 ml.) | (units/ml. 

263 > 1,000t 20 F 27 93 107 
198 - 1,000 20 M 25 98 "33 
70 690 | 29 F 26 64 114 
511 87 32 M 32 84 485 


14 months old (the obese had been reduced and re-fed twice). 


indicates that the activity was considerably above 1,000 sainits/ml. 


without ketonuria, shown to be associated with near- 
normal concentrations of insulin in the pancreas and 
probably near-normal fasting insulin-like activity in 
the blood, increasing after oral glucose. The results 
also suggest that ageing animals may show a tran- 
sition from the obese-hyperglyceemic syndrome toward 
insulin depletion and that diabetes per se may be one 
of the causes of their premature death. 


This work was supported part by grants-in-aid 
from the John A. Hartford Memorial Fund; the 
National Institute of Arthritis and Metabolism 


(Gr. No. A-49), Public Health Service, Bethesda ; 
the Albert and Mary Lasker Foundation, New York ; 
the Nutrition Foundation, New York ; and the Fund 
for Research and Teaching, Dept. of Nutrition, 
Harvard. We are grateful to Aelita Jurjevics for 
assistance. 
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Effect of Polyphloretin Phosphate on the 
Suspension Stability of Red Blood Corpuscles 


POLYPHLORETIN phosphate belongs to a group of 
enzyme inhibitors of relatively high molecular 
weight synthesized a few years ago!. By phosphory!- 
ation of phloretin- the aglucon of phlorizin—with 
phosphorus oxychloride under specific conditions « 
polymerization reaction occurred leading to @ 
presumably cross-linked high-weight polymer. 

This compound, which does not dialyse through 
a ‘Cellophane’ membrane, has a_ strong electro- 
negative charge and has been shown by ultra- 
centrifugation to have a molecular weight of about 
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Table 1 
Erythrocyte sedimentation rate 
Anticoagulant Amounts of polyphoretin phosphate in blood 
[ype of blood sample (CU, sodium citrate; : eI cl 
H, heparin) None 0-5 mgm./ml. 1 mgm./ml. 1-5 mgm./ml. 2 mgim./ml. 
4 hr. 1 hr. 4 hr. 1 hr. 4 hr. 1 hr. ) hr. 1 hr. 4 hr. L hr. 
ifuman (fracture) Cc 9s 15 32 0 0 
(op. pept. ulcer) H 50 87 28 s1 0 0 
(fractures) H 115 118 95 115 4 20 0 0-5 
(hepatitis) Cc 50 92 4 9 
vs ay - 68 $2 0 0 
= (fracture) i izz 35 70 0 0 
Hiorse (normal) H 60 92 11 87 2 3 
25,000. It was soon discovered that polyphloretin A Rapid Method for studying Tumour 


phosphate was a very strong inhibitor of various 
enzy ines, for example, hyaluronidase. Further investi- 





gations have shown that polyphloretin phosphate 
has several biological effects?.* It decreases the 
permeability of serous membranes such as_ the 


peritoneum and the pleura, when employed locally. 
Recently, a general effect on the capillary permeabil- 
ity was established as polyphloretin phosphate was 


effective in preventing experimental oedemas in rats 
and guinea pigs. Investigations concerning the 
eventual effect of polyphloretin phosphate on the 


edema in experimental burns are going on’. During 
this investigation it was noted that those animals, 
which had received polyphloretin phosphate, did not 
show any, or but & minimal, sedimentation of their 
red blood corpuscles, as distinct from the controls. 
This effect gradually diminished but again 
evident after a new intravenous injection of poly- 
phloretin phosphate. Numerous investigations have 
shown®” that high ervthrocyte sedimentation rate 
is the result of intravascular aggregation of 
erythrocytes. 

Preliminary studies 7m vitro of this disaggregating 
effect have shown that very small amounts of poly- 
phloretin phosphate (0-1-0-3 per cent) added to the 
blood of human subjects with high erythrocytic 
sedimentation rates more or less totally reduces this 
(Table 1). Presumably this effect is connected with 
the negative electrical charge of polyphloretin 
phosphate. The blood plasma, including the plasma 
coating on the surfaces of the red corpuscles, will be 
electrically charged, whereby the latter repel each 
other. This observation, which will be further studied, 
may be of practical value as it is well known that 
Inany pathological conditions are associated with 
intravascular erythrocyte-aggregation, which reduces 


was 


the circulating red cell volume and thereby the 
oxvvenation of various organs. A practically 
serviceable disaggregating drug has long been looked 
for, and as polyphloretin phosphate has a low toxicity 
and is already in clinical use on other indications it is 
hoped that fortheoming investigations will prove it 
usclul to combat intravascular aggregation in human 
subjects. 
BENGT FRIES 
Department of Pharmacology, 
Roval Veterinary College, 


Stockholm, 51. 
March 10. 
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Blood Supply using Systemic Dyes 


THIS communication describes a method — for 
making visible those of solid) malignant 
tumours supplied with flowing blood ; if necessary, 
within a few seconds. We have found that the blood 
in the interior of many tumours is not in Communi- 
cation with the circulation, and that the only part of 
such tumours which receives flowing blood is a thin 
layer at the periphery, varying in thickness from a 
few millimetres in extreme than 
0-1 mm. 

Numerous investigations of tumour vascularity 
have been made by the injection of various substances 
such as oil, indian ink and radio-opaque material! 
into the vessels. However, all these produce physio- 
logical changes such as spasms in the vessels ; | they 
are laborious, and they are quite unsuitable for sys- 
temic use on the living animal. So far as these go, our 
A number 


2° ; 
regions 


to, eases, less 


present results are consistent with them. 


of earlier workers have injected vital dyes for 
different purposes and recorded the late cellular 
uptake?3, but did not mention the immediate 


intravascular distribution of dye. Our method uses a 
high concentration of the triphenylmethane dye 
lissamine green (Gurr; Soe. Dyers and Colourists 
Colour Index No. 737) in the blood, which remains 
deep green for about 1 hr. and turns the whole 
animal green, except where there are barriers. The 
dye ‘appears to be non-toxic, and is eliminated in the 
urine and bile within 24 hr., and mice survived 
indefinitely after an intravenous injection of 20 mgm. 
of the dye (1 ml. of a 2 per cent dye solution in Ringer 
solution)—enough to give momentarily a blood 
concentration of 0-5 per cent and an average body 
concentration of 0-1 per cent in a 20-gm. mouse, 
Tests showed that the dye was not decolorized by 
the tumour. Lissamine green was chosen because it 
had been previously found by Goldacre (unpublished 
work, 1955) not to penetrate the living cell membranes 
and to be particularly suitable as a test for death in 
individual cells, being less toxic than trypan blue. It 
was hoped to mark out the necrotic regions of the 
tumour with this dye; if the dye reached all parts 
of the tumour the necrotic regions would become 
deeply stained, and the living regions unstained, as 
happens with the corresponding cell suspensions 7 
vitro. Instead, most of the tumours remained white, 
except for a green peripheral layer. The surrounding 
tissues became green, due to the green blood in 
them and green interstitial fluid derived from the 
blood. 

The supposed superior vascularization of tumours 
over the surrounding tissues has been remarked on by 
many authors!°®. The vigorous new vascular 
proliferation which occurs at the edge of rapidly 
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growing tumours is eventually appropriated by the 
infiltrating tumour; what happens to the captured 
vessels is not always made clear, though Ide et al.® 
have observed, through a transparent window, a 
fading away of vessels in the tumour centre, and 
Ribbert®, Apolant®, Gierke’, Goldman! and Ewing’ 
remark that blood-filled cysts, cul-de-sacs, blood 
sinuses, aneurism-like structures and obstructive 
arterial changes are a feature of some tumours. 

Table 1 shows the extent of the blood circulation 
in 73 tumours of various kinds, based on inspection of 
the dissected tumours a few minutes after 0-5 ml. of 
2 per cent lissamine green solution had been injected 
into the tail vein of the mouse, or 1 hr. after 1 ml. 
had been injected intraperitoneally (for rats eight 
times as much of the dye solution was used) ; similar 
results were obtained with both methods. It appears 
that about 10-12 days following transplantation of 
the four types of tumour mentioned, that is, when 
the tumours are about 1-3 ecm. across, vascular 
obstruction occurs, confining the flowing blood to a 
thin surface layer of the tumour. Extensive regions 
not supplied with flowing blood, with a thin coating 
layer supplied with blood, were also found in various 
large spontaneous and methylcholanthrene-induced 
tumours of indeterminate age. Throughout the 
remainder of such a tumour it was striking to find 
vessels containing bright red blood with micro- 
scopically intact red cells, though the blood in the 
rest of the body was green; if the tumour was cut 
across (when the mouse was kept alive under 
anesthesia) it scarcely bled at all, except at the 
periphery. Also noteworthy is the well-known 
difficulty of washing blood out of tumours by per- 
fusion. Similarly, dye injected into the centre of such 
a tumour was still present, sharply defined along the 
needle track, 24 hr. later, whereas if injected into 
muscle it was rapidly dispersed. 

The only other parts of an injected mouse which 
were not green were the brain, the interior of the eye, 
the material on the foetal side of the placenta (if the 
mouse was pregnant) and to a large extent the testis, 
ovary and adrenal gland. There did not seem to be a 
blood-tumour barrier comparable with the blood- 
brain barrier, since a similar distribution in the tumour 


Table 1 





| Age, in days, of tumours appearing in lissamine | 
green test as: | 
Thick green Thin green 
periphery, small periphery, large | 
white centre white centre | 
| 128, 12%, 18, 20%, 
21%, 21, 25, 25, 
32° R, 32 R, 33 RK, | 
| 33, 42° R | 


Tumour 
| All green 





Sarcoma 37 | 6 11,14 





Mammary 6 10, 14, 14, 14, 15 | 13, 13, 13, 13* R, 
carcinoma | 14 14°, 14°, | 
| ; 15, 15, | 
15*, 15%, 18, 18, | 
19, 19, 20, 20, 20, | 
| 24,34*,42 R,42R | 





* 

_ 
— fe 
me 
* 


| 11, 13*, 14%, 16, | 
8’ 18, 18, 32, 32, | 
32, 36, 36 


Ehrlich 
Landschiitz 
Walker (rats) 5f, 10, 10, 11,13] 7f, 11, 14, 14 





* In these tumours the green region was less than 0-5 mm. thick 
over most of the surface (measured with the optical micrometer) ; 
that is, 16 out of 52 tumours in the appropriate age-group had only a 
paper-thin covering of tumour tissue with effective access to flowing 
blood. A indicates a regressing tumour. 


+ Rapidly growing Chester Beatty strain; the remaining Walker 
tumours were slower-growing transplants into a Stockholm strain of 
rats. 
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wes found whether the dye injected was a weak or 
strong acid or base, or uncharged, or had large or 
small molecules ; but some, such as neutral red and 
methylene blue, entered the brain. 

This vascular obstruction, affecting the bulk of 
each medium-sized and large malignant tumour, 
seems to have important bearings on tumour bio- 
chemistry and physiology. Previous ultra-violet 
absorption data!!, and more recent enzymatic 
observations on transplanted tumours}, have shown 
that we have to consider two main types of cell: one 
is the young growing and multiplying cancer cell at 
the extreme periphery of solid tumours and tumour 
cords, the other is a much larger cell typical of central 
but still vital tumour zones. The latter is poor in 
cytoplasmic nucleic acids and also in enzymic 
activity, which perhaps to some extent could be due 
to oxygen deficiency and lack of nutrition. The 
observed regional heterogeneity of tumour cells 
together with the irregular vascular ‘pattern of 
tumours will thus more or less affect the interpreta- 
tion of biochemical] and isotope-incorporation obser- 
vations obtained at the usual macroscale. Further, 
it seems apparent that the lack of blood flow in the 
bulk of tumours may affect some attempts at immuno- 
and chemo-therapy of solid tumours. Tumour cells 
on the inner edge of the green region would be exposed 
to a lower concentration of antibodies and chemo- 
therapeutic agents than the normal tissue cells. 
Cells dissected out from the non-coloured tumour 
region were found to be dead, since they were instantly 
stained with lissamine green, except when within about 
300u from the green region, where mixtures of living 
and dead cells were found. These implications will 
be discussed in a subsequent paper. 

We wish to thank Prof. Alexander Haddow and 
Dr. L. Révész for kindly providing some tumour- 
bearing animals. The investigation has been suppor- 
ted by institutional grants from the Jubilee Fund 
of King Gustaf V, the Swedish Cancer Society, and 
the Jane Coffin Childs Memorial Fund. 
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Electron Microscopical Structure of the 
Wall of Small Blood Vessels in Human 
Multiform Glioblastoma 


\VHILE using the electron microscope to study the 
fine structure of the small vessels surrounding central 
necroses, typical of multiform glioblastoma, endo- 
thelial proliferation and the presence of processes 
arising from the ‘basement membrane’ were observed. 
The fine structure of the latter differed essentially 
from that in normal vessels. The present observa- 
tions are in accordance with earlier light micro- 
scopical observations}.*. 

‘he material used consisted of four cases of multi- 
fori glioblastoma and three cases yielding tissue of 
origin, namely, normal brain tissue. Specimens were 
fixed in osmie acid, and embedded in methacrylate. 
Ultra-thin sections were examined with a Philips 
EJ 100 B electron microscope. 

The structure of the basement membrane of the 
blood vessels in multiform glioblastomas (Fig. 3) 
differed from normal basement membrane (Fig. 1) 
in that it exhibited considerable variations in thick- 
ness, which was in the range 300-2500 A., and had a 
relatively irregular outline forming numerous branches 
exiending deeply into and between the endothelial 
cells. The laminar structure of the basement mem- 
brane of the capillaries was largely dissolved. The 
basement membrane of the venules and arterioles 
showed similar alterations. In the wall of the latter 
the collagen fibres appeared to be detached from the 
elastic framework, so that the whole elastica interna 
exhibited an extremely loose structure; at certain 
places the basement membrane was very thin and 
incomplete and the endothelium consequently 
stretched (Fig. 4). 

The blood capillaries in multiform glioblastoma 
were generally characterized by a high degree of 
endothelial proliferation. The size of the nuclei and 
the amount of cytoplasm were increased (Fig. 2), as 
compared with capillaries of normal brain tissue. 
Furthermore, in some instances the lumen was com- 
pletely filled with endothelial cells. The endothelial 
layers appeared to be continuous. Frequently the 
mitochondria in the endothelium were so densely 
packed that they were separated from each other only 
by thin membranes. The presence of processes with 
a layered structure in the endothelium and in part 
also between the endothelial cells was particularly 
striking where marked proliferation of the endothelial 
cells occurred, but less conspicuous elsewhere. The 
present findings seem to indicate that the intra- 
endothelial collagen does not originate in the endo- 
thelial cells, but in the external layers : the basement 
membrane or the elastica interna. The cells in the 
endothelial proliferation appeared to have lost their 
polarity. When the lumen became markedly narrow 
or totally occluded, the augmented pressure in the 
blood-vessel may have resulted in dilatation of the 
vessel on the proximal side of the occlusion, that is 
to say, on the side of the inflowing blood-stream, 
where the basement membrane or the elastica interna 
already was defective. This appears to be the mech- 
anism in the development of irregularities and 
especially of the numerous small aneurysms char- 
weteristie of multiform glioblastomas. 

Some of the cells in the pericapillary region were 
in intimate contact with the capillary walls through 
organelles resembling the Golgi apparatus. In these 
sites the basement membrane showed a more reticular 


NATURE 65 





Fig. 1. Basement membrane (BM) of blood vessel in normal brain 
tissue. A longitudinal layer in the margins and a radially organ- 
ized lamellar structure in the middle. x 45,000 


Fig. 2. Hypertrophy and proliferation of endothelial cells (EC) 
in capillary wall of a glioblastoma. Pericapillary zone (PZ). 
Left : mitochondria (M) at the margin of an astrocytic end-foot 
(AE). Right: an ‘additional cell’ (AC). x 5,000 

BM of a capillary in a glioblastoma. Irregular outline 
The structure is more vesicular than 
x 45,000 


Fig. 3. 
and varying diameters. 
lamellar (cf. Fig. 1). 


Fig. 4. Capillary with an extremely thin and incompletely 


developed BM. 7,400 


structure. In close vicinity to the capillaries, between 
them and the necroses, numerous erythrocytes and 
lymphocytes with granular cytoplasm were seen, a 
finding often reported in conventional microscopic 
investigations of glioblastomas. In contrast to the 
capillaries in normal brain tissue, a large part of the 
capillaries of glioblastomas had a pericapillary zone 
of lower density. 

The electron micrographs of normal vessels (con- 
trols) confirmed previous observations. In addition, 
the present findings of the structure of the normal 
basement membrane were corroborated by polariza- 
tion microscopic observations’. 

Further results will be published later in another 
connexion, with special reference to the fine structure 
of the wall of the small vessels in other gliomas and 
in metastatic tumours. 

This work wes supported by a research grant from 
the University of Helsinki. 

S. H. M. Nystrom 
Institute for Electron Microscopy, 
University of Helsinki. 
March 22. 


1Deery, E. M., Bull. Neurol. Inst. N.Y., 2, 157 (1932). 

2 Zilch, K. J., and Christensen, E., “Handbuch der Neurochirurgie’, 3 
(Springer Verlag, Berlin, 1936). 

3 Niessing, K., and Rollhiiuser, H., Z. Zellforsch., 39, 431 (1954). 
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Potentiation of Contractions after Rest 
in the Isolated Rat Ventricle 
Preparation 


Post-rEST potentiation describes the transient 
increase in the amplitude of contractions which occurs 
after a short period of rest in heart muscle. 

This communication factors which 
fluence the production of this augmented response 
in the electrically stimulated rat ventricle preparation ; 
particularly some variations of the ionic composition 
of the medium. 

The degree of potentiation was determined by 
measuring the amplitude of the first augmented 
response efter the rest period, and expressing this 
as @& percentage of the amplitude of the steady-state 
contractions (12/min.) preceding the period, 
Many modifications of the basie medium! were made, 
of which necessitated changes in total ionic 
strength.  Tonicity, however, was controlled with 
sucrose, 

The degree of potentiation was found to increase 


describes in- 


rest 


soOTHe 


when the rest period between two contractions was 
inereased (see Fig. 1). This finding is in accord with 
the decrease of the contraction amplitude in response 
to an increase of the stimulation frequency. It 
follows that the steepness of the ‘negative staircase’ 
is proportional to the frequency after the rest pause. 




















200, 
7O/emn 
1a/enin 
100 
a 
200) 20 4o 0 Sec 
B 
100) 
& 
60 120 180 Sec 
Fig. 1. Graphs plotting the degree of post-stimulation potentia- 
tion against (A) duration of rest period; three frequencies of 


stimulation during the 2-min, conditioning periods are compared ; 

(B) duration of the conditioning or ‘work’ period: stimulation 

frequency, 70/min. during the conditioning period; rest pause, 
min. 


An augmented contraction response followed by 
contractions of decreasing amplitude was produced 
after rest at all temperatures over the range 38° C. 
(compare Katzung and Farah*), A reversal of the 
staircase effect’? could not be produced after rest by 


»» 


varying the temperature or by varying the caleium 
concentration, in to the findings 
in turtle heart? and frog heart’. 

Conditioning periods of increased activity have been 
reported to alter the degree of potentiation’, This 
relationship between previous activity and poten- 


This is contrast 


NATURE 


July 4, 1959 VoL. 184 


Table 1 


Effect on 
steady-state 
contractions 

(per cent) 


Effect on potentiated 


Medium contractions 


+ 20 
hone 
20 to 35 


sSsSmM KCl 
10-0 mM KCl 
205mM KCl 


slight increase® 
| hone 

slight decrease* (in contrast to 
increase noted by Penna and 
Garb (ref. 5) ) 

marked decrease or abolition 
slight increase® (confirms Penna 
and Garb (ref. 5) ) 

slight increase® 

decrease or abolition (see Fig, 2) 

abolition 


+ 00 
60 


SmM Cal, | 
3mM CaCl, 


up to 
| 1 


180 mM Na! 25to —35 
03 mM Na + 40 
SO mM Nat none 


* Differences between potentiation in Krebs's medium and in experi. 
mental medium not statistically significant. 


tiation has been confirmed (Fig. 1). The degree 
of potentiation after a rest pause has been found 
to be related to (a) the duration of the rest pause, 
(b) the frequency of stimulation preceeding the rest 
pause, and (c) the duration of the period of stimulation 
preceding the rest pause. 

In contrast to several reports, it was found that a 
single extra systole or premature contraction did 
not induce further potentiation after a rest pause, 
These contradictory findings might be explained by 
variations in the composition of the media. 

Analysis of the isometric twitches occurring during 
the ‘negative staircase’ suggests that prolongation of 
the active state is not the cause of potentiation after 
rest in the rat ventricle preparation, Acetylcholine, 
eserine and atropine were without effeet upon both 
potentiated and steady-state contractions. 

The influence of ions upon the potentiation of 
is summarized in Table 1.) Although 
decreasing the increasing the caleium 
concentrations in the medium produces an increase 
in the amplitude of steady-state contractions of 
heart muscle, it has now been shown that such ionic 
alterations also markedly even abolish 
the potentiation of contractions after rest. This 
finding lends support to the view that “the augmenta- 
tion process differs fundamentally from the regular 


contractions 


sodium or 


reduce or 


contractile process’”®, 
The experimental results support the suggestion 
that the accumulation of a hypothetical ‘potentiating 





145 mM Na 93 mM Nat 

Vig. 2. Records showing the absence of post-stimulation potentia- 
tion in ‘low NaCl medium, Stimulation frequencies per min. 
during conditioning periods are marked. ‘Time intervals, 1 min. 
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substance’ (hexose monophosphate® or noradrena- 
Jine?) is responsible for potentiation of contractions*‘, 
Since ionie changes are known to occur and remain 
for some time within muscle cells as a consequence 
of increased activity, these might influence cellular 
metabolism at the enzyme level or might act at 
specific sites on the cell membrane, and thus bring 
about, either directly or indirectly, potentiation 
of contractions, In the presence of a reduced external 
concentration of increased calcium, the 
ionic conditions necessary for the production of the 
polentiation are not present. 


sodium or 


R. L. Speers 


Departiaent of Physiology, 
King’s College, 
London. 

April 20, 





(1082). 
1056). 


'hrobs, HE. A., and Henseleit, K., Moppe-Seyl. Z., 210, 33 
Katzung, B., and Farah, A., yer, J. Physiol., 181, 557 
'Niedergerke, R., J. Physiol., 164, 569 (1056). 

‘Rosin, HW., and Farah, A., Amer. J. Physiol., 180, 75 (1955). 
Penna, M,, and Garb, S., Amer. J. Physiol., 184, 572 (1956). 
"Ellis, S., J. Pharmacol., 118, 17 (1955). 

Whalen, W. J., Fishman, N., and Erickson, R., Amer. J. Physiol., 

194, 573 (1958). 


Positive Inotropic Activity of Cytidine 
Triphosphate 


A\vrHouGH nucleotides other than those of adeny! 
origin have been isolated from musecle!, physiologists, 
when considering the events with the 
contraction-relaxation cycle, have essigned a dominant 
role to the adenosine derivatives —in- particular to 
adenosine triphosphate?. It was therefore interesting 
to note that cytidine triphosphate exerted a marked 
positive inotropic action on isolated) perfused toad 


associated 


hearts. 

\ perfusion apparatus and experimental technique, 
developed to record continuously the metabolic and 
physiological changes associated with drug action 
on the spontaneously beating toad heart (Bufo 
marinus), have been described) previously*. In this 
study the apparatus was used without. modification 
and the observations described were obtained from a 
series Of eight hearts perfused at 25 0° C. before and 
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Migs 1. Effeet of cytidine triphosphate (10 ;zm./mi. final concen- 
‘ration) on drops ejected per beat (1A), beats per min. (1B), 
Waximum aortic pressure (1C) and oxygen uptake (1D) of the 

olated heart. Mean results of eight experiments are displayed 
and cytidine triphosphate added at the arrow 
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Fig. 2. Kymograph record showing positive inotropic effect of 
cytidine triphosphate (10 pgm./ml, final concentration) 


the addition of eytidine triphosphate 
(sodium salt) to give a final concentration of 
10 pgm./ml. The gaseous medium was oxygen, and 
observations of beat-rate, drops per beat, maximum 
aortic pressure and rate of oxygen uptake were 
recorded at) 15-min. intervals, except during that 
period immediately following the addition of cyti- 
dine triphosphate, when 3-min, observations were 


following 


made, 

The results obtained are summarized in Figs. 1-4. 
In Fig. 1 it can be seen that cytidine triphosphate at 
the above concentration produced an increase in the 
number of drops per beat (Fig. 14) which was associ- 
ated with a raised maximum aortic pressure (Fig. 1C) 
rate of oxidative metabolism 


and an augmented 


(Fig. ID). A transient bradycardia, followed by a 
slight: tachycardia, accompanied these changes (Fig. 
1B). 

The increased maximum aortic pressure noted 


was paralleled by an augmented force of ventricular 
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Change in work (per cent) 











I 1 
i) 30 60 0 120 
Time (imin.) 


, Control; ,eytidine triphosphate 


Mean results of eight experiments showing effect of eytidine 
on useful work 
arrow 


Fig. 3. 
triphosphate (final concentration, LO) jgim./ml.) 
done by the heart. Cytidine triphosphate added at 
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BEFORE 





AFTER 2' 


Fig. 4. Electrocardiograph tracing from perfused heart imme- 
diately before and 2 min. after addition of cytidine triphosphate 
(10 wgm./ml.). Note change in ‘S7” segment 


contraction recorded by the conventional kymograph 
method (Fig. 2). 

Correlation of the results shown in Fig. 1 provides 
an index of the useful work done by the 
heart, and in Fig. 3 it can be seen that cytidine 
triphosphate significantly increased this work-output- 
level. 

In general, the positive inotropic effect of cytidine 
triphosphate described above resembles that previ- 
ously recorded following the addition of glycosides 
and 9-z-fluorohydrocortisone to similar prepara- 
tions*), for both involve increased work output 
levels associated with augmented rates of oxidative 
metabolism. This similarity raises the question as to 
whether nucleotides other than those of adenyl 
derivation are involved in the positive inotropic 
action of cardiac glycosides and whether or 
not these other nucleotides may play a part in the 
transfer of energy during normal contraction and 
relaxation. 

The rapidity with which the effects of cytidine 
triphosphate appear and the deformation of the 
‘ST’ segment of the electrocardiograph which 
accompanies the response (Fig. 4) indicate the prob- 
ability that surface activity is involved. Such a 
site of action may be linked with Kirschner’s sugges- 
tion that phospholipids play a part in regulating 
ionic exchange rates across cell membranes*’, since 
cytidine-containing compounds are involved in the 
synthesis of phospholipids. 

The expenses of this investigation were defrayed 
by a grant from the Life Insurance Medical Research 
Fund of Australia and New Zealand. 


WINIFRED G. NAYLER 
Marian McCuLiocnu 


Baker Medical Research Institute, 
Melbourne. 
April 23. 


1 Burdette, W. J., Amer. Heart J., 54, 746 (1957). 

2 Szent-Gyoérgyi, A., New York Acad. Med. Bull., 98, 3 (1952). 

> Nayler, W. G., and McKelvie, D., Aust. J. Exp. Biol. and Med. Sci., 
34, 239 (1956). 

‘ Nayler, W. G., Aust. J. Exp. Biol. and Med. Sci., 34, 377 (1956). 

5 Nayler, W. G., Aust. J. Exp. Biol. and Med, Sci., 35, 241 (1957). 

b., Arch. Biochem. and Biophys., 68, 499 (1957). 

L., J. Gen. Physiol., 42, 231 (1958). 
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An Inhibitor of Cytochrome Oxidase Activity 
in the Sea Urchin Egg 


PREvious work in this laboratory!? has demon. 
strated the presence of a highly active cytochrome 
oxidase in the isolated mitochondria of unfertilized 
sea urchin eggs. This activity is only 25 per cent 
lower than that of the mitochondria of the newly 
fertilized egg and up to the blastula stage*. No 
cytochrome oxidase activity has been found other 
than in the mitochondria!3. On the other hand, it is 
known that the oxygen consumption of the unferti- 
lized sea urchin egg is quite low ; fertilization restores 
@ normal respiratory level which increases contin- 
uously during the early development (for a discussion, 
see ref. 4). The suggestion was then made? that in the 
unfertilized egg an extra-mitochondrial respiratory 
inhibitor might be present which would be removed 
somehow upon fertilization. 

In this communication we wish to report the 
results of experiments indicating the presence of an 
inhibitor of the cytochrome oxidase activity in the 
unfertilized egg. 

Homogenates in sucrose or 0:01 M phosphate at 
pH 5-0 of unfertilized and fertilized jelly-free eggs of 
Paracentrotus lividus (freshly collected or lyophilized) 
were centrifuged at 12,000g for 10 min.; the super- 
natant was then centrifuged at 105,000g for 60 min. 
The inhibitory activity of the supernatant (called 
‘cytoplasmic supernatant’) was assayed in a system 
as indicated in the legend of Fig. 1. Mitochondria 
were prepared from sucrose homogenates of unfer- 
tilized and fertilized eggs or from rai or mouse liver as 
described previously®*. Since the inhibitory effect 
was manifested equally well on either sea urchin or 
mammalian mitochondria, the latter were then used 
routinely in our assays in order to have a more 
constant system. The cytochrome oxidase was 
assayed in a conventional Warburg apparatus!?, 
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Fig. 1. Inhibitory effect of the cytoplasmic supernatant of 
unfertilized and fertilized eggs of Paracentrotus lividus on the 
cytochrome oxidase activity of mouse liver mitochondria. Each 
vessel contained in the final volume of 3-0 ml. :0-2 ml. of mito- 
chondria suspension; 2-46 x 10-° M cytochrome ¢; 30uM 
sodium ascorbate ; 0°033 .M phosphate buffer pH 7-4; 0:2 M 
sucrose ; cytoplasmic supernatant as indicated (in the present 
experiment both supernatants had a concentration of 1-35 mgm. 
nitrogen/ml.). Controls with cytoplasmic supernatant of mouse 
liver 
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Fig. 1 shows the striking inhibitory effect on the 
cytochrome oxidase activity of the cytoplasmic 
supernatant of unfertilized eggs, whereas in that 
prepared from eggs collected 10 min. after fertilization 
the inhibitory effect is much lower. In the cytoplasmic 
supernatant of eggs prepared 1 hr. after fertilization 
the inhibitory activity is negligible. After dialysis, 
the inhibitor has been quantitatively recovered in 
the dialysate (after concentration by lyophilization) 
thus indicating a low molecular compound. The 
inhibitor is quite stable in the acid-range (and, in fact, 
can be extracted fully active by 5 per cent trichlor- 
acetic or perchloric acid), whereas it is destroyed by 
alkalinization. The activity is almost completely 
abolished also by heating at 95° C. for 30 min. A 
preliminary purification of the inhibitor has been 
achieved by passing the crude concentrated dialysate 
at neutral pH through a ‘Dowex 50° column in the 
ammonium-cycle. The inhibitor is thus quantitatively 
recovered in the effluent still contaminated by a few 
amino-acids but free of substances absorbing in the 
ultra-violet range between 250 and 280 mu. 
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A Lineweaver and Burk plot of 1/v (v, wl. oxygen/hr./ 
mgm. protein) against 1/S (S,concentration of cytochrome c) ). 
a, Control; 6, with 0-25 ml. ofinhibitor ; c, with 0-5 ml. of inhib- 
itor prepared as described in the text. Other conditions as in 

Fig. 1 

Using this partially purified fraction we have 
obtained evidence for the competitive type of the 
inhibition, as is indicated in Fig. 2. Furthermore, 
spectrophotometric assays using isolated mitochond- 
rial membranes® as a source of cytochrome oxidase 
suggest that the inhibitory action may affect the 
cytochrome oxidase itself. Work is in_ progress 
aiming at the identification and isolation of the 
inhibitor and examination of the process of its 
inactivation following fertilization. 

This work has been supported by grants from the 
Rockefeller Foundation and the Consiglio Nazionale 
delle Ricerche. 

RACHELE MAGGIO 

ALBERTO MONROY 


Laboratory of Comparative Anatomy, 
University of Palermo. 
April 18. 
‘Maggio, R., and Ghiretti-Magaldi, A., Exp. Cell Res., 15, 95 (1958), 
*Maggio, R., Exp. Cell Res., 16, 272 (1959). 
Rapoport, S., Hofmann, E. C. G., and Ghiretti-Magaldi, A., 


Experientia, 14, 169 (1958). 

‘Lord Rothschild, ‘Fertilization’ (Methuen, 1956). 

‘Monroy, A., J. Cell. Comp. Physiol., 50, 73 (1957). 

‘Watson, M. L., and Siekevitz, P., J. Biophys. Biochem. Cytol., 2, 
639 (1956). Siekevitz, P., and Watson, M. L., ibid., 2, 653 (1956). 
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Extended Dormancy of Deciduous Woody 
Plants treated in Autumn with Gibberellic 
Acid 

WEAVER! has shown that autumnal application of 
gibberellin prolongs dormancy of Vitis vinifera shoots 
in the following spring. We? recently reported that 
application of gibberellic acid in late summer and 
autumn delayed leaf-fall of several woody species ; 
further observations on these plants this spring have 
shown that in many of them dormancy was prolonged. 
Thus this unexpected response to gibberellins may 
not be uncommon. 

In our experiments gibberellic acid was sprayed on 
as a 50 ugm./ml. aqueous soution. Fifteen weekly 
applications were made between mid-August and 
late November, 1958. Little or no after-effect was 
noticed when growth recommenced this spring in the 
following species: Acer rubrum, Castanea sativa, 
Parthenocissus tricuspidata, a Rhododendron X molle 
cultivar, Taxodium distichum and Ulmus procera. 
This list includes nearly all those species which 
showed no response in autumn to the gibberellic acid 
treatment but, in addition, two species where leaf-fall 
was delayed (P. tricuspidata and the Rhododendron 
hybrid) and the one species in which leaf-fall was 
accelerated (7. distichum). 

Bud-break was delayed by 1-3 weeks in the follow- 
ing species: Acer pseudoplatanus, Betula verrucosa, 
Fagus sylvatica, Fraxinus excelsior and Sorbus 
aucuparia, Many buds and branch-tips of B. verrucosa 
were killed ; we believe that this was due to frost 
damage of young growth induced by gibberellic acid 
in the previous autumn. In Liriodendron tulipifera, 
bud-break was more or less simultaneous on treated 
and untreated branches, but leaf-expansion was much 
slower on the treated branches. 

The most striking effects were seen on Prunus 
avium. Here gibberellic acid had little effect on purely 
vegetative buds, but flower buds were profoundly 
affected. Most flower buds have remained completely 
dormant—indeed many are dead. Others have pro- 
duced distorted or much-reduced flower clusters 
several weeks after untreated branches had flowered. 
On ‘branches on the edge of the sprayed area, which 
probably received reduced doses of gibberellic acid 
as spray drift, flowering was delayed by about three 
weeks, though the flowers formed were in all other 
ways normal. 

Of the species showing prolonged dormancy, one 
(F. sylvatica) showed no response to gibberellic acid 
in the previous autumn. Thus prolongation of 
dormancy is not necessarily a consequence of, or 
associated with, delayed onset of dormancy in the 
autumn. These results support Weaver’s view! that 
properly chosen treatments with gibberellin in the 
autumn might usefully be employed to delay flowering 
in the following spring, in areas where frost damage is 
a hazard of fruit cultivation. 

P. W. Brian 
J. . Py Perry 
P. T. RicoMonp 


Akers Research Laboratories, 
Imperial Chemical Industries, Limited, 
Welwyn, 

Hertfordshire. 

May 25. 


1 Weaver, R., Nature, 183, 1198 (1959). 
? Brian, P. W., Petty, J. H. P., and Richmone, P. T., Nature, 188, 58 
(1959). 
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A Suspected Virus Disease of the Citrus Red 
Mite Panonychus citri (McG.) 


A DISEASED condition of the citrus red mite, 
Panonychus citri (McG.), was first observed in material 
collected dear Oxnard, California, in 1958. Experi- 
mental proof that the disease was transmissible 


was obtained by two methods : first, by transferring 
healthy mites to lemons bearing a diseased culture, 
and secondly, by spraying an aqueous suspension, 
prepared from ground-up 
healthy mite colonies. 
mites developed infection’. 


diseased mites, on to 
In each case the healthy 
Many diseased mites 





, - 


Fig. 1 





Fig. 2. Similar particles to those in Fig. 1, 

with phosphotungstic acid, adjusted to pH 7. 

six-sided contour which suggests they may be icosahedra. 
showing a darker centre are partially empty. ( ~ 


Virus-like particles from an aqueous suspension of diseased mites. ( x 60,000) 





but negatively stained 

The particles have a 
The particles 

160,000) 


July A, 1959 VoL. 184 


become paralysed with the legs stiffened ventrally. 
Diarrhoea sometimes occurs and mites may be found 
dead with the anal end fixed to the feeding surface 
by feecal material. 

Since no disease azent visible by optical methods 
could be detected, an intensive study with the electron 
microscope was made on the assumption that a virus 
might be concerned. 

At first, ultra-thin sections of diseased and healthy 
mites were examined without any conclusive results. 
The next attempt was to try to isolate a virus ; aqueous 
suspensions of diseased mites were made and clarified 
by differential centrifugation, the final spins being made 
at 36,000 r.p.m. (110,000g) on a ‘Spinco’ centrifuge. 
From three separate suspensions of material which 
had proved infective, a character- 
virus-like particle was ob- 

The results obtained from 
a similar suspension of healthy 
mites, treated in the same way, 
were quite different. Whereas in the 
case of the infective fluid, virus-like 
particles were present in large num- 
bers in every grid square, suggesting 
at a rough calculation 5 million 
particles/ml., it took several hours of 
hard searching to find three or four 
similar particles in the control fluid. 
This may suggest the presence of a 
small quantity of latent virus infec- 
tion in the healthy mites. In a second 
control suspension no virus particles 
could be observed. 

Fig. 1 is an electron micrograph 
of the particles, shadowed with 
palladium gold ; the particle is very 
small and measures about 35 milli- 
microns in diameter. The magnifica- 
tion is x 60,000. Fig. 2 shows 
similar particles stained with phos- 
photungstic acid at a magnification 
of x 160,000. Note the six-sided 
contour? and that four of the part- 
icles appear to be empty or partly 
empty’. 

This is the first record, so far as we 
are aware, of a virus disease in the 
Arachnida, and it suggests that 
viruses exist in other classes of organ- 
isms in which none has yet been discovered. 
That this disease might prove useful in the 
control of a serious citrus pest has already been 
indicated!. Whether it can be induced to 
attack other species of red spider (spider mites) 
in the United States or in Britain remains to 
be proved. 
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KENNETH M. SMITH 
G. J. Hitts 
Agricultural Research Council 
Virus Research Unit, 
Huntingdon Road, Cambridge. 
F. MUNGER 
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Agricultural Research Service, 
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? Munger, F., Gilmore, J. E., and Davis, W. S., Calif 
Citrograph., 44 (6), 190, 216 (1959). 
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Acta, 28, 464 (1958). 
* Smith, K. M., Parasitology, 48, 459 (1958). 
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Stomach Contents of Spawning Quinnat 
Salmon 


QurinNAT salmon (Oncorhynchus tschawytscha) 
normally spend up to a year after hatching in fresh 
water before migrating to sea as smolt. They stay 
at sea until mature, in three to four years time, then 
they usually cease feeding and migrate up the rivers 
to their spawning grounds. Quinnat salmon are 
reported to spawn once only, dying without feeding 
again after spawning. 

On May 5, 1957, I assisted in the examination of 
some spawning quinnat salmon in the Harrison Bight 
Stream, a tributary of Lake Heron, New Zealand. 
L. Heron contains ‘landlocked’ quinnat salmon, but 
is also accessible to sea-run fish. Forty-three fish 
were examined, of which only four had anything in 
their stomachs. Of these four, one had some of the 
aquatic plant, Potamogeton, in its fore-stomach and 
the other three had each a young quinnat salmon. 

The three which contained fish were spent dead 
males of 93, 10 and 10? lb. weight. The lengths of 
the young quinnat salmon after preservation in 
formalin were 5-3, 6-3 and 6-9 in. These young fish 
were all males with hypertrophied testes, as shown in 
Fig. 1. There was little sign of digestion ; two were 
slightly decomposed or digested in the head region, 
otherwise the skins were intact. 





Fig. 1. 
quinnat salmon. 


Young quinnat salmon taken from stomachs of spawning 
Body-wall of top fish removed to show hyper- 
trophied testes 

One of the young quinnat salmon contained ten 
quinnat salmon eggs in its stomach, the others con- 
tained insect remains. 

Dominance and hierarchy formation have been 
observed in groups of most salmonids!. Movements 
involved in feeding and in aggressive nipping by 
quinnat salmon are almost identical?. Also it is 
known that vigorous chasing between quinnat salmon 
occurs on the spawning redds. Hence, it is suggested 
that the young quinnat salmon were swallowed while 
being chased away from the redds by the larger fish. 

The fact that the young fish appeared to have been 
feeding normally suggests that fasting and sexual 
maturity are not necessarily concomitant in male 
quinnat salmon. 

Thanks are due to Prof. E. Percival for his advice. 

J. S. BULLIVANT 
New Zealand Oceanographic Institute, 
Department of Scientific and Industrial Research, 
Wellington, New Zealand. 
"Stringer, G. E., and Hoar, W. S., Canad. J. Zool., 38, 148 (1955). 
*Bullivant, J. S., thesis, University of Canterbury, N.Z. (1958). 
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Local Races in Lugworms (Arenicola 
marina (L.)) 


THE spawning of Arenicola marina (L.) on the 
shores of the British Isles occurs during the last three 
months of the year, but within these limits there are 
striking variations of spawning time from place to 
place. Each local population of lugworms appears to 
have a characteristic spawning period which occurs 
at much the same time every year (Duncan, Proc. 
Zool. Soc., in the press). The differences in the dates 
of spawning may indicate a tendency towards genetic 
variation between different populations ; they would 
also encourage such differentiation. There are, of 
course, environmental differences between beaches 
which may influence the time of spawning, but it is 
difficult in this way both to account for the observed 
similarity of the spawning periods of lugworms at 
Dale Fort, Wales, and Whitstable, Kent, and for the 
fortnight’s difference in the spawning of worms living 
as close together as Port St. Mary and Derbyhaven 
in the Isle of Man. 

Lugworms are sedentary animals which spend most 
of their lives in their burrows. They are capable of 
swimming, and previous records of lugworms seen 
or caught in the sea! or of beaches emptied of lug- 
worms being re-populated in a short time?’ suggest 
that they carry out migrations, particularly in winter‘, 
away from the colder, higher-lying parts of the beach 
and in the spring® which may be a dispersal move- 
ment. Such journeys are likely to be confined to their 
own or adjacent beaches unless there are strong tidal 
currents along the coast flowing close inshore. The 
fertilized egg sinks in sea water and the larva lives on 
the surface of the sand attached to sand grains ; 
there are therefore no special provisions for widespread 
dispersal. Lugworms are not restricted to the littoral, 
but how far seawards they extend is not known. Often 
a change from sandy to rocky terrain limits the 
seaward distribution, but where a sandy bottom links 
two apparently separated sandy shores, it is possible 
that a sub-littoral stock may connect the two 
populations, and it appears likely that the lugworms 
of the British Isles exist in many nearly isolated 
populations, with only slight possibilities of inter- 
breeding. Such a situation is clearly conducive to 
producing differentiated local races. It may therefore 
be of interest to note the following differences between 
populations. in characters other than spawning 
period, which were observed in the course of my 
work. 

The mean sizes of the spawning adults from 
different populations are given in Table 1 and show a 
very wide range, that for Llanfairfechan being eight 
times greater than that for Cullercoats. The spawning 
samples also showed considerable differences in their 
colour (Table 1). Apart from a tendency to darken 
with increase in size and age, the causes of these 
colour differences, whether environmental, physio- 
logical or genetical, are not known. There is a very 
small difference in the size of ripe coelomic germ cells 
from lugworms of different localities (Table 1). The 
difference appears to be a real one, particularly for 
the oocytes (90 per cent of the healthy oocytes from 
ripe females from Port St. Mary were 170u in diameter 
and only 5 per cent either 180u or 190u). There is no 
correlation between the mean size of the worms and 
the size their germ cells usually attain, as one would 
expect to find if availability of food in different 
beaches was a determining factor. There appear to 
be differences in the age and size at which Arenicola 
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Table 1. THE MOST FREQUENT SIZE OF RIPE COELOMIC GERM CELLS, 
MEAN SIZE OF WORMS AND PROPORTIONS OF THREE COLOUR PHASES 
IN FOURTEEN BRITISH POPULATIONS OF Arenicola marina IN 1951 











| | Mean 
Size of | Size of | size of Percentage of | 
| oocytes | sperm | adult coloured worms: | 
(u)* plates | worms | Light Dark Black | 
(u)* (em.*) | red red 
Llanfairfechan | 180-190 | 80-100 | 8-3 | 23 31 46 | 
| Belfast -— | — | 78 | 5 71 24 «CO 
St. Andrews 180 | 80 | 65 | 74 26 Oo | 
Whitstable 170 110 | 60 | 20 62 18 
Dale Fort 180 80 5-2 87 12 1 
Rum Bay 170 80 49 |; 11 18 71 
Aberffraw 180 | 80 4°6 44 45 11 | 
Millbrook — | — | 4-4 4 25 71 
| Millport 17 80 41 | 33 42 25 
Derbyhaven 170 80 3:3 27 54 19 
Port Erin — — 3-0 | 55 30 15 
Port St. Mary 170 80-90 | 2-0 | 25 64 11 
Strandhall — — 1:8 23 51 26 
Cullerecats -- — 11 | 9 +4 6 
Whitstable | | 
(Newell, 1948) 190 — —_- |— _ — | 
Lancashire 
(Ashworth, | 
1904) 150 80 > oo — —_ 





* The worms containing these germ cells were collected just before 
spawning and were preserved in 4 per cent formalin,so that the 
measurements are comparable. 





larve from different localities attain certain stages in 
their development (Table 2). On the whole, larve 
from Kent and the Isle of Man take longer to attain 
each developmental stage and there is variation in the 
sizes of larve at the same stage in development. The 
initial size of the ripe oocyte perhaps influences the 
size of the developing larva. Moreover, there was a 
small anatomical difference : all larve from the Isle 
of Man older than 10 days after fertilization possessed 
a prototroch with both long and short cilia, whereas 
these cilia are of uniform length in Blegvad’s and 
Newell’s figures of Danish and Kentish larve. 

The evidence just presented is perhaps not impres- 
sive as evidence for the existence of local races in 
A. marina. The differences in size of ripe germ cells in 
different populations is very small, the sizes and ages 
of Danish larve and those from the Isle of Man are 
based upon animals reared in the laboratory and not 
under normal conditions, and the effects of environ- 
mental factors such as availability and nature of food 
upon the size and colour of lugworms have not been 
studied. There are, however, other differences among 
various populations which may be significant. Wells® 
examined 94 anomalous specimens of A. marina 
collected by Ashworth between 1908 and 1930 from 
two widely separated localities, the Firth of Forth and 
the Firth of Clyde, and found considerable variation 
in several structural features ; in fact the structural 
variation was such that he states that ‘“‘characters 
which distinguish Arenicola glacialis from typical 
A. marina appear to be such as might turn up in 
anomalous A. marina’. He therefore proposes that 


Table 2. A COMPARISON OF THR AGES (IN DAYS AFTER FERTILIZATION ) 
AND LENGTHS (IN MM.) OF FoUR LARVAL STAGES OF Arenicola marina 
IN DIFFERENT LOCALITIES 








Nyborg, | Whitstable, | Danish 
Larval stage Denmark, Kent Flats Isle of Man 
(ref. 7) (refs. 3 (ref. 9) 
| and 8) | 
Ciliated larva | 4th day | 4thday | -- 7th day 
i (C | (0-24) | (—) (0-17 
First chaet. | 6th day — | — | 15th day 
segment | (—) | (— (—) | (0-29) | 
Second chaet. 8th day 14th day — | 20th day 
segment (—) | (0°25 (—) (0-30) 
Third chaet. llthday | 3 weeks — —_ 
segment |} (0°248) | (0-33) (0-4) (—) | 
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A. glacialis be given subspecific status as A. marina 


glacialis Murdoch. 
in 1956 samples of the present-day populations of 
lugworms from these two localities, and found that 
about 4 per cent of the worms from the Firth of Clyde 
showed anomalies in segment number and about 
20 per cent of the worms from the Firth of Forth 
showed reduction in the annulation between not only [ 





the second and third chetigerous segments but also fi 
between the third and fourth. Such reduced annula- ; 


tion of the anterior segments was also found in some | 

of the littoral populations examined during the | 

present work although in much smaller proportions ~ 

(ref. 6, p. 403). Such structural differences, if genetic, | 

would be likely to appear among populations isolated 

geographically and with different breeding periods. t 
A. DUNCAN 

Royal Holloway College 

(University of London), 

Englefield Green, Surrey. 

March 23. 
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* Thamdrup, H. M., Medd. Komm. Havundersag., Kbh., 10, 2, 1 (1935) 

* Newell, G. E., J. Mar. Biol. Assoc. U.K., 27, 584 (1948). 

* Werner, B., Helgoland wiss. Meeresunters., 5, 93 and 359 (1954). 

5 Chapman, G., and Newell, G. E., J. Mar. Biol. Assoc. U.K., 28, 627 

(1949). 


® Wells, G. P., Proc. Zool. Soc., Lond., 129, 397 (1957). 

7 Blegvad, H., Vidensk. Medd. dansk. naturh. Foren. Kbh., 76, 1 (1923). 
* Newell, G. E., J. Mar. Biol. Assoc. U.K., 28, 635 (1949). 
*Smidt, E. L. B., Medd. Komm. Havunderseg. Kbh., 11, 6 (1951). 


In vitro Culture of the Inflorescences, 
Flowers and CGvaries of an Apomict, 
Aerva tomentosa Forsk. 


In recent years several attempts have been made 
to culture the ovules! and ovaries? of some angio- 
sperms. While there has been considerable succes: 
in raising viable seeds in test-tubes from normally 
fertilized ovaries*, the results have not been so 
encouraging when unfertilized ovules!.4 or ovaries are 
cultured. The present communication outlines the 
results of my experiments on an apomictic species. 
Aerva tomentosa’. 

The plant is dioecious and male plants are extremely 
rare in Nature. The female flower possesses 5-8 
perianth lobes enclosing a monocarpellary ovary and 
8-10 staminodes. 

Three types of cultures were maintained : excised 
ovaries, flowers, and pieces of spikes. Nitsch’s’ 
medium was used with sucrose as a carbon source. 
This was also supplemented with vitamins and various 
growth substances. 

Ovaries (2204 in diameter) cultured at the mega- 
spore mother cell stage in the basic medium yielded 
20 per cent fruits. However, the fruits were smaller. 
being only 550, in diameter as compared to the 
normal diameter of 1,100u, and the seeds were 
abortive. Larger ovaries at the megaspore mother 
cell stage having a diameter of 440u gave 40 per cent 
fruit set, but again the seeds were empty. 1 
supplementing the basic medium with vitamins ant 
glycine (supplemented medium) the fruit set increased | 
to 50 per cent and the size was comparable to that} 
attained in vivo (1,100u), but only the seed coat/ 
developed normally and an embryo was absent. 
Gibberellin (10 p.p.m.) and indoleacetic acid (2 p.p.m.) © 
either alone or in combination inhibited the growth 
of the ovaries and no fruits were obtained. In the 





supplemented medium to which kinetin (0-2 p.p.™), 
and indoleacetic acid (2 p.p.m.) had been added. the ~ 


For comparison, Wells examined | 
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Fig 1. Young spike after 3 days in supplemented medium 
kinetin (0-2 p.p.m.) + indoleacetic acid (2 p.p.m.). No seeds 
were formed in such spikes. (x 0-7) 


Fig. 2. Spike with open flowers inoculated in supplemented 
medium + yeast extract (500 p.p.m.) and photographed after 


+ weeks. Seeds matured in many ovaries; one of the seeds 
has germinated in situ. ( x0-7) 
Fig. 3. Longitudinal section of ovule showing globular embryo 


produced in 2 weeks from an open flower cultured on supplemented 
medium + yeast extract (1,000 p.p.m.). (x 32) 


Fig. 4. Mature embryo from a flower attached to the plant; 
2 weeks after the mature embryo sac stage. (x 18) 
Fig. 5. An embryo dissected from a 4-week old spike inoculated 


at the mature embryo sac stage in supplemented medium (sucrose, 
8 percent). (x 21) 


Fig. 6. A 4-week old embryo in supplemented medium + casein 
hydrolysate (200 p.p.m.) from a flower inoculated at the mature 
embryo sac stage. (x 20) 


growth of the ovaries ceased after attaining a diameter 
of 5504 and the ovules failed to form the black seed 
coat. 

In subsequent experiments ovaries were excised 
from open flowers (that is, at the mature embryo sac 
stage). When these were planted on supplemented 
medium and yeast extract (500 and 1,000 p.p.m.), a 
proembryo was formed ; in very rare cases it devel- 
oped up to the globular stage. 

When whole flowers were cultured on supple- 
mented medium, supplemented medium and yeast 
extract (1,000 p.p.m.) or supplemented medium and 
casein hydrolysate (200, 400 p.p.m.), 60 per cent of 
the ovaries grew into fruits ; and 25 per cent of them 
fave viable seeds in about three weeks. In yeast 
extract (1,000 p.p.m.) a globular proembryo (Fig. 3) 
Was formed in two weeks which took another week 
tomature. It was smaller than the embryos obtained 
from Nature which matured in only two weeks (Fig. 4). 





NATURE 73 


In supplemented medium and casein hydrolysate 
(200 p.p.m.) growth of the hypocotyl was arrested 
and the cotyledons were flap-like with numerous hairs 
(Fig. 6). 

Next I attempted to rear young spikes (Fig. 1), but 
they never grew to maturity. However, spikes 
cultured at the time of the opening of flowers 
gave very encouraging results. Four concentrations 
of sucrose (2, 4, 6 and 8 per cent) were tried along 
with the supplemented medium. In these there was 
40 per cent seed setting and the embryo was as large 
as or larger than that of plants growing in Nature 
(Fig. 5). With yeast extract (500, 1,000 p.p.m.) seed 
setting increased to 50 per cent but the embryo was 
slightly smaller than that of the controls. Occasion- 
ally these seeds germinated in situ (Fig. 2). 

In Aerva tomentosa it has thus been possible to 
secure the normal growth of the embryo by culturing 


unpollinated flowers and spikes at the mature 
embryo sac stage. When the ovaries alone are 
cultured, the response is less satisfactory. Further 


work is in progress to promote the growth of excised 
Ovaries and to rear normal seeds from closed buds. 

I am greatly indebted to Prof. P. Maheshwari, 
under whose guidance this research was carried out. 
My thanks are also due to Dr. R. C. Sachar for help 
and interest and to Dr. L. G. Nickell, Chas. Pfizer 
and Co., New York, for gibberellin. 

PREM MuRGAI 

Department of Botany, 
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1Sachar, R. C., and Kapoor, Manju, Naturwiss., 22, 552 (1958). 
? Maheshwari, Nirmala, and Lal, M., Nature, 181, 631 (1958). 
3 Sachar, R. C., and Kanta, Kusum, Phytomorphol., 8, 202 (1958). 
* Maheshwari, Nirmala, Science, 127, 342 (1958). 
°>Sachar, R. C., and Murgai, Prem, Curr. Sci., 27, 105 (1958). 
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Occurrence of Neoteny in the Genus 
Artemia 


THE genus Artemia has attracted the interest of 
many zoologists since the classic observations and 
experiments of Schmankewitsch!. This interest 
has been renewed by the occasional reconsideration 
of Schmankewitsch’s observations and more rarely 
by the actual re-examination of Artemia species 
under different salt concentration of the water. 
Anikin, Samter and Heymons, Artom, Aboyni, and 
Gajewski have reported? morphological variations in 
response to change in salinity of the medium. But 
Martin and Wibur and Bond have reported*® that 
Artemias from the Monterey Bay salterns and the 
coastal region of central California remain unchanged 
in different concentration of salt water. The Artemias 
which have shown variations in response to environ- 
ment have all been Old World in origin, and it appears 
that no variable Artemia occurs in the western 
United States. The occurrence of Artemia from the 
oriental region was reported by Bond‘ from Tso-kar 
Lake, Tibet, Kulkarni® from Valda pans at Bombay 
and by Baid* from the Sambhar Salt Lake, Rajasthan. 

The collection of Artemia from the Sambhar lake 
was brought to the laboratory in April 1957. Some 
Artemias were put in a higher concentration of salt 
water (18-4 per cent sodium chloride). where they 
underwent changes in size and in some morpho- 
logical characters. All of them became small in size 


and differed considerably from Artemia salina. These 
dwarf Artemias were 


more or less identical with 
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A. milhauseni. They were actively reproducing in 
a higher concentration of salt water (22-8 per cent) 
as well as in lower concentrations (21-4, 16-5 and 
8-5 per cent) ; I watched them for three generations 
in the laboratory. The experiments were repeated 
twice, with the same results. It is therefore clear 
that A. milhausent cannot be reared back into 
A. salina as reported by Schmankewitsch!. The 
probable interpretation of these preliminary results 
is that A. salina of the Sambhar lake is a neotenous 
form of A. milhauseni. To test the variability in 
this genus and this observation some experiments 
in the ponds of Jaswant College Botanical Garden, 
Jodhpur, were carried out. 

The pond was filled with lake water. The salinity 
of the water was diluted by adding distilled water. 
At 5-6 per cent salinity Artemia salina (females) were 
transferred to the pond. Some of these Artemias 
were also kept in a small pond adjacent to the big 
pond, the salinity of which was kept more or less 
constant (5-6 per cent salinity). At intervals of 
24 hr., the main pond water and the Artemias were 
studied in the laboratory. Due to the heat, water 
from the pond had evaporated and consequently the 
salinity was higher. Some Artemias with pond water 
at 12-4, 18-2 and 22-8 per cent salinity were removed 
and placed in different aquaria in water of the same 
salinity as that of the pond water from which they 
were taken. After saturation was reached, distilled 
water was added slowly to the pond. The salinity 


and Artemias at different stages were studied in both 
the ascending and the descending series of experiments. 
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Figs. 1-3. Number of sete in cercopods of Artemia salina at 

(1) 12-4, (2) 18-2 and (3) 22-8 per cent salinity respectively. 

Figs. 4-6. Showing the number of segmentations of abdomen of 

Artemia salina at (4) 12-4, (5) 18-2 and (6) 22-8 per cent salinity 
respectively 
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Three well-defined stages during the ascending 
series of experiments were observed in the change 
of salinity as well as in the population of Artemia. 
The various measurements of the body as well as 
salinity are given in Table 1. It was found that 
Artemia salina from water of 5-6 per cent and 12-4 per 
cent salinity metamorphosed completely into 4A. 
milhauseni at 22-8 per cent salinity. The changes 
were observed in the size of the body, segmentation 
of the abdomen and in cercopods (Figs. 1-6). 
12-4, 18-2 and 22-8 per cent salinity, Artemia taken 
from the pond and transferred to different aquaria 
having water of the same salinity continued to breed. 
Artemia salina in the small pond (salinity 5-6 per cent 
approximately) survived without undergoing any 
structural change. After reaching saturation point 
(23-2 per cent salinity), the highly concentrated water 
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At } 


was diluted with distilled water. Artemia individuals | 


were examined at 21-4, 16-5 and 8-5 per cent salinity 
in that order. It was observed that they were more 
or less identical with A. milhauseni or Artemia of 
22-8 per cent salinity. 











Table 1. MEASUREMENTS OF DIFFERENT PARTS OF THE Bopy oF 
Artemia salina IN DIFFERENT CONCENTRATIONS OF SALT WATER 

l r 7 Fi 

| Sal- | Post | | No. of 
inity Median | Abdo- | abdo- | No. of in- | Abdomen | segments 
(per | length | men men | dividuals median in the 

cent) | (mm.) | (mm.) | (mm.) | examined | length abdomen 
12-4 103 | 55 | 48 14 0-535 | 8 
18-2 oy | 6-2 | 4-0 12 | 0-56 5 
22-8 80 | 4:5 3°5 8 


0-562 | 2 
| 
{ j | | 





No change was observed in the form of A. salina up to 12-4 per cent 
salinity). 


From these observations it is concluded that 
A. salina is a neotenous form which is completely 
metamorphosed into A. milhausent when the con- 
centration of salt in the water is raised to the satura- 
tion point. The variations in the genus Artemia as 
reported by earlier workers!.? are also explained if 
we assume that neoteny is common in this genus. 
The salt lakes of the Old World have different con- 
centrations of sodium chloride, and in consequence 
A. salina differs from lake to lake. The early workers 
raised each form to the status of a new species ; but 
I believe they are neotenous forms, which differ from 
each other due to the degree of metamorphosis that 
each has undergone. They metamorphose con- 
pletely if the concentration of sodium chloride is 
raised to the saturation point. 

The nature of their environment also suggests that 
these Artemias are neotenous forms. The Sambhar 
Salt Lake is very salty and only 2 ft. deep ; in summer 
the lake bed is completely dry. Neotony is very 
common among animals when the environment | 
hostile ; it occurs in populations living in an adverse 
environment where metamorphosis amounts to death. 
There is a high mortality-rate in the population of 
Artemia during February and March. They scem 
particularly weak at this phase of their life-history. 
Hence if conditions become so unfavourable that all 
metamorphosed individuals perish, it follows that the 
population must either become neotenous or die out, 
since only those individuals which can breed 3& 





larve have any hope of propagating their kind. 
It is significant that A. salina which breed a; 
larve have an advantage, for they are able to produce 
offspring sooner than A. milhauseni, which may no! 
be able to breed in the unfavourable condition 
existing in the Sambhar Lake. Thus A. salina “| 












- 184 


cending 
change 
i rtemia. 
well as 
nd that 
[2-4 per 
nto A. 
changes 
ntation 
6). 
a taken 
aquaria 
> breed. 
oer cent 
ag any 
n point 
d water 











At | 


viduals | 


salinity 
re more 
emia of 


Bopy oF 
VATER 


No. of 
egments 
in the 
bdomen 


8 
HY 


L per cent 


d that 
pletely 
ie con- 
satura- 
Mi as 
ined if 
genus. 
nt con- 
quence 
vor kers 
s; but 
ar from 
‘is that 
» com: 
ride is 


ts that 
ym bhar 
ummer 
is very 
nent is 
vdverse 
death. 
tion of 
y seem 
Listory. 
hat all 
hat the 
lie out, 
eed as 





id. i 
eed asy 
roduce 
ay not 


ditions 
ana olf 


No. 4679 July 4, 1959 


the Sambhar Lake is a neotenous form of A. mil- 
hauseni, and is well adapted to such hostile con- 
ditions. 

My thanks are due to Dr. J. P. Harding, British 
ap “_? _(Natural History), for suggestions, and to 
Dr. . Mathur for his help and guidance. 

INDER CHAND BaIp 

Department of Biology, 

Raj Rishi College, 
Alwar, Rajasthan, 
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AGRICULTURE 


Non-Symbiotic Nitrogen Fixation in a Soil 
of the Nigerian Rain-Forest Zone 


COMPARATIVELY little is known of the contribution 
of non-symbiotie nitrogen fixation to the nitrogen 
economy of tropical soils. In the tropical rain-forest 
areas it is generally considered that the soil nitrogen 
supply, depleted by arable cropping, is built up again 
during the period of ‘bush fallow’, presumably by 
indigenous legumes (and perhaps certain non-legumes) 
present in the regrowth. That appreciable non- 
symbiotic nitrogen fixation may occur in the soils of 
this area was shown in the experiment described here. 

A bulk sample was collected from the 0-20 cm. 
laver of Iwo loamy sand, a latosol developed over 
gneiss. This soil came from a cropped area on the 
Faculty of Agriculture Farm, University College, 
Ibadan. 3- kgm. lots were placed in pots in the green- 
house, and six cultural treatments and two fertilizer 
treatments applied. Total nitrogen (Kjeldahl plus 
nitrate) contents are shown in Table 1. 

There were appreciable increases in the nitrogen 
content in the case of the bare soil and the soil to 
which glucose had been added, as well as a smaller 
increase in the soil on which Centrosema was grown. 
There was also a small but statistically significant 
increase in nitrogen when fertilizer containing 
phosphorus and molybdenum was added. 

The increase in nitrogen recorded above for the 
bare soil is equivalent to approximately 140 Ib. of 
nitrogen or 6 ewt. of ammonium sulphate per acre, 
an increase of considerable agricultural significance 
were it to occur in the field. It has been estimated 
that some 15 Ib. of nitrogen per acre per annum are 
fixed in the soils of the Sudan Gezira, where crops of 


Table 1, 


Fertilizer treatment Soil kept roe 
ary Wega vent 
N (gm.)/pot | * gm.)/] 


No fertilizer 





1-03 i RB 
Phis phosphorus plus molybdenum 1-03 1:36 
Meant 1-03 1-24 


jare + 30 gm. 


N (gm.)/pot 
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dura have been produced annually for centuries 
without the use of fertilizers or manures!?. Under 
temperate conditions it has been estimated that 
legumes may fix 150-300 lb. and free-living nitrogen- 
fixing micro-organisms 15-30 lb. of nitrogen per 
acre per annum?. 

The growing of plants on the soil appears to have 
depressed nitrogen fixation (or to have increased 
denitrification). The nitrogen contained in the plant 
material (tops plus roots) amounted to approximately 
0:05 gm. per pot for the legume (Centrosema) and 
0-04 gm. per pot for the grass (Eleusine). Thus there 
was no net increase in nitrogen where the grass was 
grown, and the increase with the legume was only 
about half that found in the bare soil. 

Since the soils of the rain-forest zone carry growing 
plants almost continuously (either ‘bush fallow’ or 
arable crops) it is unlikely that non-symbiotic nitrogen 
fixation is important agriculturally, even though the 
potential capacity for fixation by this means may be 
great. In most of the indigenous rotations of southern 
Nigeria the period during which the land is bare does 
not amount to more than a few months (the time 
between clearing and planting) in 5-10 years. 

The results recorded here are nevertheless con- 
sidered to be of sufficient interest for the study to be 
continued and expanded. 

A. W. Moore 
J. N. ABAELU 
Faculty of Agriculture, 
University College, 
Ibadan, Nigeria. 


1 Crowther, E. M., ‘Agriculture in the Sudan”, 459 (Oxford University 
Press, London, 1948). 

2 Russell, E. J., “Soil Conditions and Plant Growth’, 310, 323 (Long- 
mans, Green and Co., London, 1950). 


Swellings on the Shoots of Cacao Plants 
Deficient in Copper 

AN experiment to induce symptoms of micro- 
nutrient-element deficiency on cacao grown in sand- 
culture was undertaken in 1958. The sand and 
chemicals were purified as recommended by Hewitt? 
and the water was demineralized by passing it through 
resin columns. The treatments were done in dupli- 
cate ; a complete set of treatments was randomized 
within each of two blocks. Seeds were taken from 
the centre portions of Amelonado cacao pods (where 
they are more uniform); they were washed and 
planted directly into the sand, three seeds to a plastic 
pot. The plants were watered with demineralized 
water twice a day for one week, after which 500 ml. 
of nutrient solution was supplied in the mornings 
and an equal amount of water in the afternoons. 
Complete overhead shade was given for one month, 
after which it was reduced to 50 per cent. Plants were 
harvested 100 days, 204 days and 321 days after 
sowing. 


TOTAL NITROGEN CONTENT OF THE UPPER 20 CM. OF IWO LOAMY SAND AS INFLUENCED BY DIFFERENT CULTURAL AND FERTILIZER 
TREATMENTS 


neteail ae es | 
Soil kept moist for 20 weeks 


Eleusine 
coracana 
grown 
N (gm. y) fpot 


Mulched 
with wood 
shavings 
N (gm. yipot | 


Ce. nivoee ma 
pubescens 
grown 
N (gm. )/pot 


glucose 


> * 
per pot Mean 


N (gm.)/pot 





1-14 1:00 1 04 1 02 ~ 06 
1-23 1:05 1:10 0-90 1-11 
1-18 1-02 1-07 0-96 





* Difference between means for fertilizer treatments is st: tistically significant (P < 0-0 5). 
+ Differences among means for cultural treatments are statistically significant (P < 0-01). L.s 





S.D. = 0-06 gm. nitrogen per pot. 
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Table 1. DIAMETER OF COPPER-DEFICIENT SHOOTS IN THE SWOLLEN 
AREA OF STEM WHEN THE SWELLINGS WERE FIRST OBSERVED 











Treatment | 
Distance from tip without copper Control | 
(cm.) —— — 
Plant 4 | Plant B | Plant A | Plant B | 
| { 
0 | 4:57 4-30 4:76 | 4:90 | 
5 | 4-28 525 | 5-79 | 6-65 | 
10 527 | 690 | 635 | 690 | 
13 8-84" | | 
15 8-65 860 | 684 | 7:3 
15°5 8°82* 
20 10-76 76506 | «6728 )0C|:C 78 | 
21 10-81* | | 


* Maximum diameter of swelling. 


At 273 days after sowing the remaining plant in 
each of the two treatments without copper was showing 
severe leaf symptoms of copper deficiency. Several 
of the small, immature leaves had abscissed and 
internodes were short in the area of leaf abscission. 
Lateral buds were swelling and on plant A a strong 
lateral shoot, 19 cm. long, had arisen below the 
affected area. These morphological changes indicated 
a loss of dominance by the shoot tip. 

It was at this stage that swellings were noticed 
on the main shoots of both plants in the treatment 
without copper, two on plant A and one on plant B. 
Measurements of shoot diameter taken on the same 
day are shown in Table 1. The swollen areas were 
from 1-5 mm. to 3-5 mm. larger than comparable 
positions on the control shoot. 

During the ensuing 49 days before the plants were 
harvested there were more leaf flushes, all of which 
remained on the shoots and showed less evidence of 
copper deficiency. The shoot tip regained its domin- 
ance and no more lateral buds broke. Plant A 
grew 31-1 em. and plant B grew 20-7 em. during the 
last 49 days. 





Fig. 1. The swollen area, at harvest, of shoot from plant A 

Fig. 1 shows the two swellings on plant A at time 
of harvest when the swellings were 1-7 mm. and 2:8 
mm. larger than the shoot diameters immediately 
below the swellings. Transverse sections through the 
swollen areas showed that the swellings were due 
primarily to increased xylem thickness. 

It has been proved that swollen shoot disease of 
cacao in West Africa is caused by a virus**; this 
does not, however, rule out the possibility of a rela- 
tionship between swollen shoot disease and copper 
deficiency. 
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The complete results of this experiment will be 
published elsewhere 
R. G. Lockarp 
P. VAMATHEVAN 
S. THAMBOO 
Department of Agriculture, 
Kuala Lumpur, Malaya. March 23. 


1 Hewitt, E. J., “Sand and Water Culture Methods Used in the Study 
of Plant Nutrition’? (Comm. Bureau Hort. Plant. Crops, 1952); 
Tech. Comm. No. 22 (Bradley and Sons, Ltd., Reading). 


2 Posnette, A. F., Trop. Agric. Trin., 17, 98 (1940). 
3 Thresh, J. M., W. African Cacao Res. Inst. Bull., No. 4, 1-36 (1958), 


A Method of increasing the Phosphorus 
Content of Forages 


In connexion with the feeding of cattle, especially 
dairy cattle, phosphorus plays a very important part. 
Forages, the basic need of cattle, should contain as 
much phosphorus as possible in order to prevent 
serious pathological troubles. 

Phosphate fertilizers are usually applied late in 
autumn or early in winter. However, it seems that 
another application of phosphate, in a water-soluble 
form, late in winter (February or March), consider- 
ably increases the phosphorus content of forages. 
But the efficiency of this second application of 
fertilizer is improved when nitrogen is associated 
with water-soluble phosphates (40 kgm./hectare 
(36 lb./acre) phosphoric acid and 40 kgm./hectare 
(36 lb./acre) nitrogen). 

The results obtained in a series of experiments 
carried out in 1957 and 1958 on different farms, 
using several plots of the same paddock in each case, 
are shown in Table 1. 
Table 1 
Pand PK | Pand Pk 
in autumn, j in autumn, 
Nlatein | N + Plate 

winter in winter* 
Content | Content 
of forages of forages 


P and PK 
in autumn 


Content 
of forages 


Type of grassland 





¥ Ca | P | Ge | os | Ca 
(per | (per | (per | (per | (per | (per 
cent) | cent) | cent) | cent) | cent) | cent) 





Temporary grassland | | | | 
(lucerne—cocksfoot) 0°25 1:01 | 0°37 | 1- | 0:39 | 0-93 
Permanent grassland | 0°20 | 1:07 | 0-22 ) 0-24 | 0-67 
a | 0-19 | 0:65 | 0-21 | 0-85 | 0-25 | 0°89 
| 0-29 | O-71 | 0:24 | 0-55 | 0-33 | 0-70 
| 0-22 | 1-02 | 0-24 | 0-95 | 0-30 | 0-95 
ne | 0-28 | 0-48 | 0-32 | 0-49 | 0-34 | 0-57 











Average 


Ca/P average 3°34 | 2°89 2°51 


| 0-24 | 0-82 | 0-78 | 0-31 | 0-79 








-* The fertilizer dressing late in winter involved : 260 kgm./hectare 
(180 lb./acre), 20 per cent ‘nitro-chalk’, 200 kgm./hectare (180 Ib./acre), 
183 per cent superphosphate of lime. 

It appears clearly from these figures that applica- 
tions of nitrogen fertilizer late in winter have a con- 
siderable effect in increasing the phosphorus content 
of plants. 

It looks as if a real ‘shock’ dressing was achieved. 
The nitrogen—phosphorus association seems to give 
rise to a synergy, quite favourable to the uptake of 
phosphorus. This quick absorption by plants re- 
duces fixation of phosphate due to the ‘holding 
power’ of the soil. Nitrogen appeared to have an 
optimum effect when applied in the form of ‘nitro- 
chalk’. 

These preliminary results are very encouraging. 
If they were confirmed, they would help to solve 
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the important problem of ensuring enough phos- 
phate in the cattle ration, especially in that of 
dairy cows. 
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R. FERRANDO 
S. METIVIER 
R. GERVY 
Laboratoire d’Alimentation de 
!'Ecole Nationale Vétérinaire d’Alfort, 
Seine. March 16. 


STATISTICS 


A Least-Squares Solution for a Linear 
Relation between Two Observed Quantities 


A LINEAR relation has sometimes to be established 
between two observed quantities, the precision of 
each observed value for both quantities being limited 
and variable from value to value in some known way. 
Examples in astronomy may be found in the treat- 
ment of proper motions in moving clusters, in the 
evaluation of solar motion by proper motions, and in 
the evaluation of the linear terms of galactic rotation 
in the solar neighbourhood. In such cases the line 
through the intersection of the two regression lines, 
with a slope equal to the geometric mean of the slopes 
of the two regression lines, may often be a good 
estimate of the best linear relation, but it does not 
seem to be a least-squares solution in a precise sense. 
Seares! discusses at length the best estimates of the 
regression lines that can be set up, taking into account 
varying weight for each value and the effect on the 
regression lines of the distribution of the observed 
values about the diagram. His best linear relation 
is evaluated as the weighted geometric mean of the 
two regression lines and he shows? that in the case 
of uniform precision in each quantity his solution 
reduces to that obtained by Hertzsprung*® to cover 
this particular case. It would seem, however, that 
generalization of Hertzsprung’s result to cases of 
varying precision should be possible without bringing 
in the regression lines at all. Jeffreyst apparently 
gives such a solution (his equation 5, § 4.42), but in 
fact, as was pointed out to me by Dr. A. J. Wesselink, 
his solution reduces to one of the usual regression 
lines in the case of uniform precision and not to 
Herizsprung’s solution. Trumpler and Weaver® 
mention several times the importance of ‘two-error’ 
least squares solutions in astronomy but nowhere 


make a solution. 
: 
J é 


a 
Q-: 
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In the present approach we start with a geometric 
representation, though there are definite similarities 
to Jeffreys’s procedure. In Fig. 1 P; is a typical 
point representing a pair of observed values (2;y,y,) 
and the line y = ax + 8 is a possible relation between 
‘true’ values. The point Q; on this line is the point 
of contact of the tangential ellipse belonging to the 
set of similar concentric ellipses centred on P, with 
equations : 

(2 — Xr)? : 

Sr? ty? m (1) 

sr? and ¢,? are the variances for the precision with 

which the individual values x; and y;, respectively, 

are known. Of all the points on the line y = a + 8, 

Qr, with co-ordinates (&;,yr), is the one that will give 

an observed pair of values (a;,yr) with maximum 

likelihood. The appropriate value of d;*® in (1) for 
the tangential ellipse is found to be : 





5? = Wr( “Xp — Ur + 8 3 (2) 
where Wp = 1/(tp? + o%s,%) 
This result is similar to that obtained from Jeffreys’s 
expression! (§4.42) for the maximum logarithmic 
likelihood : 
, (Yr — aa, — B)* 
log Imax. = constant — S dt? = = 
alle” + 
that is, log(Zmax./Lo) x 5;? (3) 


If uniform prior probability of the « and 8 is assumed 
the least-squares condition in obtaining the best 
values of « and $ for a set of observed values (2;,7r) 
is given by the equations : 


0 0 
ve . Emax.) = 0 and a6 es Emax.) = 0 


Transforming to 6;? by (3) we obtain : 


0 7 7 0 > 9 

ee r?) = = (6,7) 0 

Ca OR 

3 3 (4) 
and =~ (26,?) = 2 = (6;* 0 
ee ee 


and the best values of « and § are the solutions of the 
equations : 


BXw, = Lyrlr — LU pp (5) 
r r ¥ 
and 
2 Vw, sp2er(yr — B) + x [Xwy,?tp2rr? — Lw,*s,?(y — 8)? 
e ie = j 
— Xwy*tp2rr(yr — 8) = 0 (6) 


The summations in (5) and (6) can only be made 
numerically if « is known. Hence the practical 
solution is by a method of successive approximation, 
which. will be rapidly convergent if a reasonably good 
value of « can first be derived graphically or otherwise. 

If t; = ksy = constant, we readily obtain : 


B= 9 — aft 
where (%,7) are the arithmetic mean values of the 
(a7,yr). « is then the suitable root of the quadratic 


equation : 
(a? — k*)U(ap — &)(yr — ¥) + 
rT 


a {k?X (ap — Z)? — U(yr — ¥)*| = O (7) 
lor r ) 


This equation corresponds to Hertzsprung’s solution, 
there being in practice no confusion between the two 
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roots, one minimal and the other maximal. In such 
cases the line passes through the ‘centre of gravity’ 
of the observed points. This is only true for the 
solution of (5) if we regard the centre of gravity to be 
that found after applying a weight w; to each point. 

Trumpler and Weaver® (p. 184) say that in two- 
error solutions the parameter estimates depend upon 
the ‘distribution of’, in our notation, the (2;,y,) about 
the diagram. In fact, Seares’s solution was via 
regression lines from which the systematic effects 
associated with the distribution of the (x;,yr) had 
been removed and this is why the distribution entered 
into the argument. Here, we proceed directly from 
a separate consideration of each point and it is only 
afterwards that, for example in (7), the marginal 
variances of the 2; and y, distributions appear. 

Some prior knowledge of the s, and fy is, of course, 
fundamental to a completely meaningful approach to 
the problem but useful applications of equations (5) 
and (6) are likely to occur where a problem can be 
put into the form of solving for the least-squares 
linear relation only at the expense of introducing 
widely varying precision for the different observed 
values of both quantities. 

P. A. WayMan* 

Radcliffe Observatory, 

Pretoria, S. Africa. 
March 20. 

* On secondment from the Royal Greenwich Observatory. 

‘Seares, F. H., Astrophys. J., 100, 255 (1944). 

* Seares, F. H., Astrophys. J., 102, 366 (1945). 

Hertzsprung, E., Leiden Ann., XIV, Eerste Stuk (1922). 

‘i a H., “Theory of Probability’, 164 (Oxford University Press, 


Trumpler, R. J., and Weaver, H. F., 
(Univ. of California, 1953). 


“Statistical Astronomy” 


HISTORY OF SCIENCE 


The Value of x and the Old Testament 

Many recent authors of texts containing an 
account of the historical development of the numerical 
value of = write under the misapprehension that in 
the Old Testament its apparent value is 3. Concern- 
ing this value, Prof. E. T. Bell writes!: “This 
approximation to z is famous for its occurrence in 
the Old Testament’’. Quoting 2 Chron. 4, 2, Prof. L. 
Hogben deduces? ‘‘The ancient Hebrews were content 
with taking = as 3”. The late Prof. G. H. Hardy 
could scarcely have examined his two quotations, 
otherwise he would not have made the blunt observ- 
ation?: “It is stated in the Bible that = = 3”. 
P. Dubreil quotes* 1 Kings 7, 23, and contrasts the 
approximation with Shanks’s value of = to 707 
decimal places. Quoting 2 Chron. 4, 2, Prof. T. 
Dantzig comments® that this description indicates 
that the Jews held that = is equal to three. Very 
recently, Archbold quotes* Dubreil that the Bible 
gives the value of z as 3, thereby perpetuating the 
error in the minds of the next generation of students 
who read his text. These writers therefore fall into 
two classes, the first regarding = as actually given 
by 3, and the second regarding the measurements 
given as only approximate. Even some Biblical 
commentators have fallen into similar error; for 
example, Curtis and Madsen in their commentary’ 
on 2 Chron. 4, 2 suggest that the numbers are only 
approximations. 

A careful reading of the verses following 1 Kings 7, 
23 is sufficient to dispose of this approximation, quite 
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apart from consulting the works of those who have 
sought to restore the “molten sea’’ from the Biblical 
dimensions. For it transpires that the circumference 
of 30 cubits and the diameter of 10 cubits do not refer 
to the same circle, so it is impossible to conclude 
that =z was taken as 3, either mistakenly or approxi- 
mately. 

The diameter of the “molten sea”’ at its extreme 
top from brim to brim was 10 cubits. But in | Kings 
7, 24. we must interpret “‘under the brim of it round 
about there were knops compassing it’. The word 
‘under’ may imply that the external surface of the 
brim need not have been vertical; the cylindrical 
sides of the ‘‘sea’’ were inclined outwards in order to 
form the brim, yielding a smaller circle around which 
the knops (gourds or wild cucumbers) were cast 
under the slightly larger circle formed by the brim. 
This is confirmed by verse 26, where we read that 
“the brim was wrought like the brim of a cup, with 
flowers of lilies’, for Sir W. Smith’s dictionary’ 
interprets this as meaning that the brim was curved 
outwards like a lily or lotus flower, giving at the same 
time the literal translation of the Hebrew text: “its 
lip was like work such as a cup’s lip, a lily flower”. 
The “30 cubits compassing the sea round about” 
(verse 23) refers then to the general circumference of 
the “sea” below the brim and not to the special 
circumference around the brim. Thus the circum- 
ference of the brim must have been 10z cubits, and 
the diameter of the cylindrical wall of the ‘ 
below the brim must have been 30/m = 9-55 cubits ; 
these irrational measurements are omitted from the 
text. 

Even the commentators have often missed this 
point. Montgomery and Gehman’? state that the 
dimensions are only round figures, thereby failing to 
see that there is nothing in the text (1 Kings 7, 23-26) 
that suggests that the figures 10 and 30 refer to the 
same circle, although their literal translation, “a 
lily-shaped brim’’, implies circles of varying diameters. 

These observations may be verified by noting that 
Sir W. Smith’s dictionary® gives a general sketch of 
the ‘“‘sea”’ according to the restoration by Keil; a 
distinct outwardly curving brim exists, with the rows 
of knops underneath it. A larger encyclopedia” 
gives a detailed etching of the restoration according 
to Calmet, together with a complete axial cross- 
section of the ‘“‘sea”’ ; this too shows the characteristic 
brim, with the rows of knops below it around a circle 
of smaller diameter than that of the brim. 

J. HEADING 


‘ 


“sea 


West Ham College of Technology, 
London, E.15. 
April 7. 
1 Bell, E. T., “The Development of Mathematics’, 40 (McGraw-Hill, 
New York, 1945). 
2 Hogben, L., ‘‘Mathematics for the Million”, 251 (Allen and Unwin, 
London, 1940). 
3 Hardy, G. H., “A Course of Pure Mathematics”, 70 (Cambridge, 
1952). 


* Dubreil, P., ‘‘Les Grands Courants de la Pensée Mathématique”, 
edit. by le Lionnais, F., 99 (Cahiers du Sud, 1948). 

5 Dantzig, T., “Number, the Language of Science’, 113 (Allen and 
Unwin, London, 1947). 

* Archbold, J. W., ‘Algebra’, 5 (Pitman, London, 1958). 

7 Curtis, E. L., and Madsen, A. A., “The International Critical 
Commentary ; The Books of Chronicles’, 331 (Clark, Edinburgh, 

10). 

® Smith, W., 
1893). 

® Montgomery, J. A.,and Gehman, H. S., ‘The International Critical 
Commentary ; The Books of Kings’, 173 (Clark, Edinburgh, 
1951). 

10 Singer, I., “The Jewish Encyclopedia”, 3, 357 (Funk and Wagnalls, 
New York, 1925). 


“A Dictionary of the Bible’, 3, 1172 (Murray, London, 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

LECTURER IN THE DEPARTMENT OF VETERINARY PHARMACOLOGY— 
The Secretary, The University, Edinburgh (August 28). 

SENIOR LECTURER (with an honours degree in metallurgy and a 
successful record of research work) IN METALLURGY—The Registrar, 
Royal Technical College, Salford 5, Lanes (August 29). 

TECHNICAL OFFICER (with experience, including administration, in 
a Physiology or similar Department) IN PHYSIOLOGY at the University 
of Otago, Dunedin, New Zealand—The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (New Zealand, August 30). 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF VETER- 
INARY PHARMACOLOGY—The Registrar, The University, Liverpool 
(August 31). 

AssIS"ANT LECTURER IN BIOCHEMISTRY—The Dean, Guy’s Hospital 
Medical School, London Bridge, S.E.1 (August 31). 

LECTURER or ASSISTANT LECTURER (with some industrial and 
research experience) IN THE DEPARTMENT OF CHEMICAL ENGINEERING 
to specialize in separation processes, fluid dynamics or thermodynamics 
and chemical kinetics—The Registrar, The University, Leeds 2 
(August 31). 

RESEARCH ASSISTANT (with an honours degree in botany, with 
training in cytology and/or genetics) IN THE DEPARTMENT OF BOTANY, 
for duties mainly in the University Botanic Gardens, Ness, Cheshire 
—The Registrar, The University, Liverpool (August 31). 

LECTURER IN MECHANICAL ENGINEERING—The Registrar, The 
University, Nottingham (September 5). 

JUNIOR LECTURER IN MATHEMATICS—Prof. E. C. 
Mathematical Institute, Oxford (September 14). 

LECTURER (Grade I) IN RADIOLOGY at University College, Ibadan, 
Nigeria—The Secretary, Senate Committee for Colleges Overseas in 
Special Relation, University of London, Senate House, London, 
W.C.1 (September 14). 

LECTURER (with good qualifications in light current electrical 
ngineering or in physics) IN ELECTRONIC ENGINEERING; and a 
LECTURER (with a thorough knowledge of the physics of materials, 
and preferably with research or industrial experience involving solid 
state physics) IN MATERIALS—The Secretary and Registrar, Univer- 
sity College of North Wales, Bangor, North Wales (September 14). 

READER (graduate of a British Commonwealth university or 
equivalent, Corporate Member of the Institution of Electrical Engineers, 
with teaching and research experience at university level) IN ELEC- 
TRICAL ENGINEERING at the University of Hong Kong-—The Secre- 
tary, Association of Universities of the British Commonwealth, 36 Gor- 
don Square, London, W.C.1 (Hong Kong, September 15). 

RESEARCH ASSISTANT (preferably with an interest in the ecology 
and systematics of small mammals) IN THE DEPARTMENT OF ZOOLOGY 
—The Secretary and Registrar, The University, Southampton 
(September 15). 

SENIOR TuTORS (2) IN PURE MATHEMATICS at the University of 
Sydney, Australia—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (Australia, 
September 19). 

ASSISTANT (with at least an honours degree in biochemistry or 
equivalent) IN BIOLOGICAL CHEMISTRY—The Secretary, The Univer- 
sity, Aberdeen (September 21). 

LECTURERS (2) (with experience either in infra-red spectroscopy 
orin radiochemistry) IN THE DEPARTMENT OF CHEMISTRY—The Deputy 
Registrar, The University, Edgbaston, Birmingham 15 (September 21). 

READER, and a LECTURER IN PURE MATHEMATICS at the University 
of Western Australia—The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, W.C.1 
(Australia, September 25). 

CHAIR OF PHARMACEUTICAL CHEMISTRY in the University of Sydney, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia, 
September 26). 

CHAIR OF APPLIED MATHEMATICS in the University of Cape Town— 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (South Africa, September 30). 

LECTURER IN THEORETICAL Paysics in the Natural Philosophy 
Department—The Secretary, The University, Aberdeen (Septem- 
yer 30). 

LECTURER or an ASSISTANT LECTURER IN THE DEPARTMENT OF 
PHYSIOLOGICAL CHEMISTRY, for duties chiefly concerned with the 
teaching of the physiology of domestic animals—The Registrar (Room 
29 O.R.B.), The University, Reading (September 30). 

LECTURER (with qualifications in any of the branches of zoology, 
and preferably an interest in insect physiology or some other branch 
of experimental zoology) IN ZOOLOGY at the University of Tasmania— 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia, September 30). 
_ READER IN GENETICS in the Department of Zoology at the Univer- 
sity of Melbourne, Australia—The Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon Square, London, W.C.1 
(Australia, October 1). 

AGRICULTURAL CHEMIST (with a good honours degree in agricultural 
chemistry, and at least two years suitable postgraduate training or ex- 
perience) in Sierra Leone to advise the Director of Agriculture on 
specific problems and for investigational studies in the field, including 
the laying out of field trials and their statistical analysis and inter- 
Pretation—The Director of Recruitment, Colonial Office, London, 
S.W.1, quoting BCD.63/15/04/T. 

CHAIR OF Paysics in the University of Tasmania—The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (Australia, October 15). 

CHEMIST (post-doctorate), to carry out a programme of exploratory 
research on a problem in synthetic aromatic chemistry—Dr. P. Holt, 
Department of Chemistry, The University, Reading. 

LECTURER IN INORGANIC CHEMISTRY at the University College of 
the West Indies—The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W.C.1. 
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PHYSICIST or PHYSICAL CHEMIST (with a good honours degree or 
equivalent, in physics or physical chemistry, and some years research 
experience) WITH THE NATURAL RUBBER DEVELOPMENT BOARD, to 
work in a small team carrying out research on the use of natural 
rubber in road surfacing materials—The Director of Road Research, 
Road Research Laboratory, Harmondsworth, West Drayton, Middle- 
sex, quoting ‘‘Natural Rubber Development Board”’. 

RESEARCH ASSISTANT IN THE MATHEMATICS DEPARTMENT, to work 
with Prof. H. A. Jahn and Dr. J. P. Elliott on the theory of nuclear 
structure—The Registrar, The University, Southampton. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Government of Northern Ireland: Ministry of Agriculture. Leaflet 
No. 133: Commercial Egg Production on Range. Pp. 8. (Belfast : 
Ministry of Agriculture, 1959.) {144 

Report of the West African Timber Borer Research Unit, 1955-53. 
Pp. 62+2 plates. (London: Crown Agents for Oversea Governments 
and Administrations, 1959. Published on behalf of the West African 
Timber Borer Research Unit.) 5s. 


Illuminating Engineering Society. Monograph No. 1: Inter-reflec- 
tion and Flux Distribution in Lighted Interiors. Pp. 11. (London: 
Illuminating Engineering Society, 1959.) 5s. (144 


Scottish Home Department. Freshwater and Salmon Fisheries 
Research Series, No. 23: Tenth Annual Report of the Supervisory 
Committee for Brown Trout Research, 1957-1958. Pp. 15. (London : 
H.M. Stationery Office, 1959.) 48. 6d. net. 144 

Royal College of Science and Technology, Glasgow. Annual Report 
on the One Hundred and Sixty-second Session. Pp. 64. Report on 
Research, Session 1957-58. Pp. 40. (Glasgow: Royal College of 
Science and Technology, 1959.) {144 

In Britain Today. By Thomas Kerfoot. (Address to the (U.S.) 
Pharmaceutical Manufacturers’ Association, Boca Raton, Florida, 
April 2nd 1959.) Pp. 20. (London: Association of British Pharma- 
ceutical Industry, 1959.) {144 

University of London. University College Annual Report, 1957- 
1958. Pp. 95. (London: University College, 1959.) {144 

Wool Industries Research Association. Report of the Director of 
Research for 1958. (W.1I.R.A. Publication No. 212.) Pp. 35. (Heading- 
ley, Leeds: Wool Industries Research Association, 1959.) {144 

Government of Northern Ireland: Ministry of Agriculture. Leaflet 
No. 127: Intensive Systems of Commercial Egg Production. Pp. 20. 
(Belfast : Ministry of Agriculture, ~ °59.) {144 

Department of Scientific and Ind..«:rial Research. Forest Products 
Research. Bulletin No. 44: Heat Penetration in the Pressing of Ply- 
wood. By J. F. 8S. Carruthers. Pp. iv+22. (London: H.M. Stationery 
Office, 1959.) 1s. 9d. net. P (144 

University of Cambridge. Report of the Observatories Syndicate 
for the year ending 1958 September 30. Pp. 5. (Cambridge: The 
University, 1959.) {144 

Perspective, Vol. 1, No.1. (Quarterly Review of Progress in Photo- 
graphy, Cinematography, Sound and Image Recording.) Pp. 112. 
Annual subscription: 62s. 6d.; 7.50 dollars; 30 D.M.; 30 Swiss 
francs, post free. (London: The Focal Press, Ltd., 1959.) {144 

Research Defence Society. Conquest Pamphlet No. 7: Surgery of 
the Heart and Circulation : Outstanding questions posed and answered 
by the Research Defence Society. Pp. 4. 6d. Notes on the Law relating 
to Experiments on Animals in Great Britain. Second edition. Pp. 16. 
1s. 6d. (London: Research Defence Society, 1959.) (144 

Some Problems in the Breeding of Farm Livestock: an Inaugural 
Lecture. By Prof. T. L. Bywater. Pp.ii+17. (Leeds: The University 
Press, 1959.) 28. 6d. (144 

Tetrahedron Letters, No. 1 (March, 1959). (The International Organ 
for the rapid publication of preliminary communications on Organic 
Chemistry.) Published every two to four weeks. Pp. 35. Subscription, 
post paid (air mail charges extra): (A) £7 (U.S.A. 20 dollars) perannum, 
for Libraries, Government Departments and Industrial Establishments : 
(B) No extra charge for private subscribers to Tetrahedron who write 
direct to the publisher certifying that the subscription is for their 
personal use. (London and New York: Pergamon Press, 1959.) [144 

Queen’s University of Belfast. The Pursuit of Knowledge: a 
Collection of Essays on Current Research in the Queen’s University 
of Belfast. Pp. 87. 7s. 6d. Queen’s: a Short History of Queen’s 
College, Belfast, and the Queen’s University of Belfast. Pp. 10. 6d. 
(Belfast : Queen’s University, 1959. {144 

Mammals. By Edmund Seyd. Pp. 16. (Manchester: The Museum, 
1959). 28. {144 

Manchester Literary and Philosophical Society. Memoirs and 
Proceedings, Vol. 100, 1958-59. Pp. vi+98+11 plates. (Manchester : 
Manchester Literary and Philosophical Society, 1958.) 21s. [144 

Discovery Reports, Vol. 29. Octocorals. Part 1: Pennatularians. 
By Hjalmar Broch. Pp. 245-280+plates 11 and 12. 17s. 6d. net. 
The Foetal Growth Rates of Whales with special reference to the Fin 
Whale, Balaenoptera physalus Linn. By R. M. Laws. Pp. 281-308. 
12s. 6d. net. Distribution and Life History of Euphausia triacantha 
Holt and Tattersall. By A. de C. Baker. Pp. 309-340. 15s. net. 
(Cambridge : At the University Press, 1958.) {144 

Scottish Marine Biological Association. Collected Reprints for 
1959. Reprints Nos. 268-299. (Millport, Isle of Cumbrae: Scottish 
Marine Biological Association, 1958.) {144 

Ministry of Agriculture, Fisheries and Food. Bulletin No. 180: 
Hybrid Chickens. Pp. iv+39. (London: H.M. Stationery Office, 
1959.) 2s. 6d. net. 144 

An Account of the Birds of Stowe. Pp. 48. (Buckingham : Biological 
Department, Stowe School, 1958.) 144 

Scottish Home Department. Marine Research Series, 1959. No.1: 
Hydrography of the North-Western Approaches to the British Isles. 
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